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PREFACE

THE purpose of the conference on cultivation was to bring together
farmers, implement-makers, tractor-makers and scientific workers to
hear an account of the practice of spring cultivation in different
parts of the country. The papers were read by farmers who are
themselves skilled cultivators, and the subsequent questions and
discussions helped to bring out the facts and to clear up uncertain
points. Cultivation is the most ancient of the farmer’s arts, and it
has received less aid from science (apart from engineering) than any
of them. The purpose of the Soil Physics Department, under
Dr B. A. Keen, is to obtain exact knowledge of what cultivation does
to the soil and so to change the old art into a science. Eighty years
ago chemists changed the art of manuring into a science and pro-
duced artificial fertilizers; the gain to agriculture was enormous.
Whether physicists can do as much for cultivation remains to be
seen. But the whole history of the last one hundred years shows that
progress is rapid once science is really applied to any human activity :
it will be surprising if science is unable to help the cultivator. The
first step is to get at the facts, and here our farmer friends can help
us; the rest is to try to explain these facts and so to discover the
underlying principles, and here our farmer friends must have patience.
Until the scientific worker knows his problem he cannot solve it
once a process can be explained some ingenious inventor finds an
easier way of doing it.

B. . B.

October 1927, ~
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CULTIVATION: THE ART AND
THE SCIENCE

By B. A. KEEN, D.Sc., F.InsT.P.
Rothamsted Experimental Station

CuLTivaTION in this country has reached a high level of develop-
ment. The farmer has the accumulated experience of many
hundreds of years on which to draw, and this great bulk of
information has long since been crystallized into a mass of
traditional knowledge in which are hidden, no doubt, many
scientific principles. Speculations on cultivation problems are
found in the earliest agricultural literature, and, on the whole,
progress in some form was always going on. Nevertheless, just
as in any other art, there were certain periods when a. great
acceleration occurred. Jethro Tull’s seed-drill and horse - hoes
eventually revolutionized our cultural methods; the Industrial
Revolution of the last century and the growth of large manu-
facturing centres not only caused a large demand for foodstuffs,
but it provided the specialized technical knowledge and construc-
tional skill required for the manufacture of the new implements,
without which the change of farming methods could scarcely have
been effected. A great variety of implements sprang into existence
between 1840 and 1875 to meet the more frequent and detailed
cultivation operations necessitated by the new farming. Although
the designs were empirical and the improvements based on the
slow process of trial agd error, exceedingly valuable work was
done by the implement-makers, in modifying the old implements
and increasing their efficiency. Yet, in spite of this great advance,
the essential nature of the implements was not changed. Unlike
the thresher and the binder, which are in no sense adaptations
of the flail and the sickle, the tillage implements of to-day would
be recognized without difficulty by the farmer of two centuries
ago. He would also immediately recognize the actual operations.
We still have to undertake a long series of operations—ploughing,
cultivating, harrowing and rolling—to produce a tilth ; we are still
largely dependent on the weather, on winter frosts, and an
alternation of dry and moist conditions in the spring, and we are
still compelled, in adverse circumstances, to force a tilth and be
content with a condition that does not really deserve to be called
a tilth at all.

Another significant aspect of soil cultivation is the variation
in practices in different parts of the country. A good farmer
moving to another district has little real difficulty in adapting his
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CULTIVATION 9

tillage and artificial fertilizers, Whereas tillage experiments are few
and far between, there have been innumerable manurial experiments
during the past seventy or eighty years, and there is no sign of their
numbers decreasing. The advances in soil chemistry associated with
Lawes and Gilbert formed the basis of the field trials of manures ;
theory and experiment mutually aided each other, and in a compara-
tively short period a science of manuring was evolved. Herein is
the essential distinction between it and cultivation. Artificial manur-

ing has grown up under the guidance and control of the laboratory ;-

cultivation has not. It is far older than the physics and physical
chemistry of soil, the branches of knowledge mainly concerned.

Only in recent years has any systematic study of the soil been
made from these aspects. The laboratory results have been so
satisfactory that for some time past it has also been possible to
undertake with confidence investigations under practical field con-
ditions. I shall give, with special reference to cultivations and the
problem of soil tilth, an account of the main results obtained to
date by Dr Haines and myself, and a statement of the promising
extensions of this work.

The laboratory work revolves round the central fact that we can-
not understand the causes of tilth until we have a further knowledge
of the physical properties of soil.

The first stage was to sort out these factors and to devise methods
and apparatus so that they could be studied singly. Such work is
of necessity rather technical in character, and for the purpose of to-
day’s conference our field investigations are of more direct interest.
It is sufficient to mention that the laboratory work includes a study
of such factors as cohgsion—the tendency of the soil to form hard
clods when dry; plasticity—the ability to be moulded in the moist
state, like modellers’ clay ; surface friction between soil and a metal
surface; movement of moisture in the soil ; focculation, of the
aggregation of individual soil particles into little crumbs or granules,
that characterize a soil in good tilth. Studies of this kind, when com-
bined with appropriate measurements in the field, are enabling us to
understand what happens to the soil when it is cultivated. It will
eventually be possible to give for any cultivation operation a specifi-
cation of the soil properties concerned, analogous to those that, under
the name of * properties of materials,” the engineer already has for
the metals used in the actval implements. In the field much use is
made of the dynamometer, an instrument measuring the resistance
offered by the soil to the passage of a cultivation implement. Our
first experiments were done with a dynamometer suitable only for
tractor work. We have now filled an important gap in our equip-
ment by the construction of a very light dynamometer, suitable for
all types of work, from the lightest horse-drawn implements to the
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8 CULTIVATION

crop and stock management to the new conditions, bat some time
passes before he feels thoroughly at home with his cultivations,
He finds not only that the operations are modified from those he
formerly used, but the implements differ in design. It is instructive
to count up the variety of ploughs listed by any large implement
firm. Even when every allowance is made for unimportant
variations in design, the number of types remaining is surprising.
To my mind it shows either that ploughing—the basic operation
of all cultivation—is a very complex business, or else that there
is still scope for further standardization of a few types of plough
and the elimination of the remainder. It is possible, indeed
probable, that both conclusions are true, but at present hardly
any data exist on which a reliable opinion could be based. In
spite of our wide practical experience, we know' little or nothing
of what really happens to the soil when it is plonghed or cultivated.
We can recognize the final effects, certainly, and, from experience,
we have found out how to arrange our operations so that there
is a good chance of securing these effects or any reasonable degree
of modification. But, except in a very general and incomplete
way, the explanation of how the effects are produced and, indeed,
the causes of tilth still escape us.

Although we have made little real change in the fundamental
design of cultivation implements in the last century, improvements
have been effected in important details that have resulted in better
work and a definite reduction in draught. Had the cost of labour
remained the same we should be tilling to-day more cheaply.
But labour costs have increased to an extent that more than offsets
this advantage. Tillage is still the most costly single item in
arable farming.

It is evident that there is a sound case for systematic inquiry
into cultivation matters. There is no reason to assume that we have
reached finality either in implements or methods, and, even if there
were, the important question of reducing tillage costs is still await-
ing exploration. The necessity for inquiry is not of recent origin,
so it is significant to find that there are very few tillage experi-

rments recorded in the literature. Those found are almost entirely
of American origin. Agricultural teachers and investigators are
compelled to refer to them, and to assume that the conclusions
apply unaltered to conditions in this country. Those who have had
the opportunity of comparing British and American implements and
methods must have the gravest doubts whether this assumption is
correct. Unfortunately, owing to the absence of adequate culti-
vation experiments in this country, the assumption remains, neither
controverted nor confirmed.

There is a most instructive comparison in this connexion between






10 CULTIVATION

heaviest steam tackle. Further, the records, being impressed on a
celluloid ribbon, are permanent, and unaffected by oil, water or dirt.

Dealing now with the field investigations, they can be grouped
into two main divisions :

(1) Comparison of various alternative forms of cultivations.
(2) The possibility of increasing the efficiency of cultivations.

The first of these two divisions may be illustrated by an experi-
ment recently carried out at Rothamsted in comparing three dif-
ferent methods of preparing a seed-bed for roots. It is one of a series
that we intend to carry on for several years. The three methods
were (a) ridging, (/) an unridged seed-bed, (¢) rotary cultivation.
To eliminate soil variations, on which I shall have more to say later,
each treatment was triplicated, so that there were, in all, nine plots.
The whole area was autumn-ploughed, after wheat, and in February

s cross-ploughed, with the exception of the plots intended for rotary

cultivation. The seed-beds were prepared in May, and immediately
before and during the cultivations samples of the soil were passed
through a series of sieves to obtain a measure of the amount of
disintegration produced by each operation. As the soil was in
excellent physical condition it readily broke down, hence the differ-
ences in the three treatments were not as great as might have been
expected. However, it was evident that the rotary cultivator left

1 very few large lumps behind it, and further, the seed-bed produced

was much more spongy or “ puffed up” in texture than with either
of the other treatments. Germination of the swede seed was earlier

jon the rotary cultivation plots, and in the early stages of growth

the plants were definitely better and more forward. Later on,
however, a striking change took place. The tendency of the
Rothamsted soil to ““ cap” or to harden down in the surface layers
became greatly accentuated on these plots and, to judge by both
the feel and appearance of the soil, the hard layer extended much
deeper than with the other treatments. It is probable that the tend-
ency to hardening was accentuated by the deep and uniformly fine
tilth produced by the rotary tines, but, whatever the explanation,
the results were very apparent. Growth was severely checked, the
plants fell behind those on the other plots and remained so right up
to harvest. The average yields of roots obtained in the experiments
were :

Normal or ridge cultivation 11-81 tons per acre

Cultivation on the flat Lo ., o5

‘Rotary cultivation 940 ,, vy

These yields are well below what would have been secured by full
manuring, which was withheld so as not to mask the cultivation
differences.  Attention is directed, not to the actual yields, but to







CULTIVATION I1

the differences. The difference in the first two figures is not sig-
nificant, but the difference between either of them and the rotary
cultivation figures is statistically significant. We thus have the
striking result that a form of cultivation definitely superior in the
early and presumably critical stages of growth produces serious
adverse effects at a later period.

As far as this single experiment goes, it could be taken as dis-
proving the usefulness of rotary cultivation, but in my view such a
conclusion is too drastic. It is true that in the soil and weather
conditions of this particular experiment it failed in comparison with
more orthodox treatments, but it cannot be condemned completely
on this account. It is possible, for instance, that if the_tines had
been set to produce a coarser tilth—i.e. more of a digging spade-
like action than the fine comminution actually produced—better
results would have been secured. It is hoped to continue this
work in a variety of different conditions, because there is something
inherently attractive about the idea of rotary cultivation. The
principle is, as far as I can judge, a sound one, and directly utilizes
in a natural way the fundamental characteristic of the internal com-
bustion engine, which is the production of circular motion. It may
be legitimately argued that, if our next advance in cultivation is to be
the production of a tillage machine as distinct from a series of tillage
implements, rotary cultivation in some form will be the solution.

Turning now to the second division of the field investigations,
the efficiency of cultivation processes may possibly be increased
in one or all of several ways. We can modify the soil or improve
the implement, or, again, reduce the actual costs of cultivation.

One method of mqdifying the soil is to reduce its resistance. |
The use of farmyard manure or green manure in this conmexion .

has been known for a long while. Our dynamometer results
show this effect very clearly. The reduction in draft may be as
much as 20 per cent. in cases where very considerable qualities
of farmyard manure are added, but in ordinary farming the
reduction would be less, although the accompanying effects of
improved tilth and better water relationships would of course be
secured as well.

A second method of reducing draft that has definitely passed
the experimental stage and is awaiting commercial exploitation
has been devised by my colleagues, Dr Crowther and Dr Haines,
as the direct outcome of laboratory investigations. It has been
known for some time that soil possesses colloidal properties. Dr
Crowther and Dr Haines have utilized the fact that when an electric
current is passed through moist colloidal material there is a move-
ment of water to one of the electrodes. By insulating the coulter
from the framework of a plough and passing a current down it,
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12 CULTIVATION

and making the mould-board the negative electrode, a film of soil
moisture becomes deposited on the mould-board and acts as an
efficient lubricator. Field experiments showed that a reduction
of draft was secured whenever the current was switched on, and
there is little doubt that the device could be successfully developed.
It is of especial interest in its possible adaptation to soils that are
very difficult to work in normal circumstances and also to such
operations as mole drainage.

A third method which has been followed up at Rothamsted
for some years is the effect of chalking heavy land. The operation
was extensively practised a Century ago, but the increase in cost
of labour has caused it to be largely abandoned. We have found
from our dynamometer records that a chalking of To to 15 tons per
acre applied sixteen years ago is still causing an appreciable
reduction in the resistance to tillage implements. The effect is
a variable one: in very dry or very wet conditions it is not
marked, but when the soil is moist, reductions of 14 or 15 per cent,
in draft have been obtained. Further, the chalked area is ready
for cultivation earlier than the corresponding unchalked strips.
This reduction in draft has not hitherto been generally recognized,
and it constitutes an appreciable credit item to set against the
initial heavy cost of chalking. The question also arises whether
lime in smaller quantities would also produce a similar effect, and,
thanks to the financial co-operation of lime-producing associations,
we have been enabled this year to lay out some experiments to
test this point.

In dealing with the effect of chalk I mentioned that the state
of the soil affects the dynamometer records. In the course of our
experimental work we have frequently observed such effects. Loose
soil, for instance, may have a surprisingly high resistance. Instead
of sliding smoothly and in a comparatively unbroken furrow slice
over the surface of a mould-board, considerable friction is developed,
not so much on the mould-board itself as between the large
number of independent lumps of soil. It is necessary to allow
for this effect in the interpretation of records obtained in a field
of variable texture. In the early stages of our work we selected,
as far as possible, fields which, to visual inspection, appeared quite
uniform. We were surprised to find that such fields were by
no means uniform in the resistance offered to the cultivation
implements. Variations of as much as 5o per cent. were obtained
in different parts of the field, and - could not be attributed to
differences in moisture - content nor by any means entirely to
variations in the amount of clay present in the soil. They seem,
however, to be closely associated with changes in such properties
as cohesion and plasticity, which were mentioned earlier as forming
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part of the laboratory investigations into soil tilth. Their im-
mediate practical interest is in the bearing they have on competitive
implement trials or on tests of new patterns. If the particular
field in question had been divided up into strips a chain wide
and one of them allotted to each implement (the invariable pro-
cedure in such trials), differences in the average dynamometer
records of over 1o per cent. would have resulted, due to the
soil variations alone. It is apparent that in such a test no reliable
information would have been obtained as to the relative efficiency
of the different implements. In fact the relative order of the
implements would have been decided more by the chance of
which particular strips were allotted to them than by their innate
merits. The soil variations, fortunately, can be ascertained by
a previous experiment and allowed for in interpreting the final
results. Several years’ work at Rothamsted has also shown that
they do not vary from season to season. Those interested are
referred to my paper in the Journal of the Royal Agricultural
Society of England, 19235, for practical details as to how implement
trials and comparative tests should be arranged.

In addition to the possibilities of draft reduction. by improved
design we must also consider another possibility of even more
direct economic importance. This is the question of increased
speed of operation. Our results have shown that, even with our
existing implements designed for work at speeds around 3 miles
per hour, very little increase in draft takes place for & most
appreciable increase in speed. In the case of ploughing, for
instance, an increase from 2} to 4} miles per hour requires only
an extra 7 per cent. pull on the plough. In tractor-ploughing
it is highly unlikely that the cost of the extra fuel needed to
sustain the 7 per cent. increase in the drawbar pull would be
anything like sufficient to outweigh the large saving of time by
ploughing at a 6o per cent. greater speed. The limit is set, of
course, by the extra fuel needed to propel the weight of the
tractor and by the increased wear and tear. Nevertheless, the
direct and indirect advantages of increased speed in all our
cultivation operations are of such supreme importance that an
advance in this direction is highly desirable. The only feasible
way is a greater use of mechanical power. There has already
been one successful example in the form of steam tackle, and
the tractor will, in my opinion, provide another. It is well to
remember that the tractor in agriculture is still in its infancy.
The first considerable use on British farms dates only from the
later stages of the war. With the passing of the abnormal war
conditions tractor cultivation declined, but recently there have
been encouraging signs of a return to favour.. The machines
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14 CULTIVATION

have greatly improved in simplicity and reliability, and, even in
their present early stage of development, their value for autumn
cultivations in both dry and wet weather and for spring work
has been conclusively shown. Nevertheless, we still have much
to learn in this new development. It is not simply a case of
substituting one form of haulage for another; there is a host of
concomitant problems in adapting implements and cultural methods
to the new conditions. Such straightforward questions as the
relative merits of deep cultivation and subsoiling still await
solution. Some experiments appear to show no advantage, while
others show a considerable benefit. Such divergent results are to
be expected until our knowledge of the physical effects produced
in the soil is extended.

The fundamental point to be borne in mind in all work of this
nature is that the form of power and the implements are only a
means to an end—the production of a suitable seed-bed for the
given crop, and the maintenance of appropriate soil conditions for
the plant over the whole of the growth period.

Our best hope of systematic advance is to pursue steadily
our investigations into the soil properties on which tilth depends
and, as opportunities offer, to test our conclusions by selecting
outstanding problems for practical field trials under a variety of
different conditions. It is essential for the progress of our work
that it should be critically reviewed from time to time by the
practical farmers, the implement- and tractor-makers, so that the
field trials may be designed to give the maximum practical
information to all concerned.

CULTIVATING THE CHALK & BRICK-
EARTH SOILS OF WEST SUSSEX

By H. DREWITT
Colworth Manor, Chichester

To a farmer the subject of this conference is his daily concern,
although perhaps he seldom tries to analyse the reasons for what
he does.

Modern cultivation of the soil may be said to have begun when
the common fields were enclosed and distributed among individual
cultivators, each of whom was then, for the first time, able to carry
out his own ideas on the subject without reference to what his
neighbours were doing. Up to about forty years ago the prepara-
tion of the soil was carried out with the same implements, improved
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in detail perhaps, as had been used for centuries; then came the
spring-tined cultivator, the disc harrow, and finally a machine of
moderate power to draw them—I mean, of course, the tractor.

To understand what the farmer aims at it is necessary to under-
stand why he directs his aim in the particular direction it takes, or,
in other words, why he grows the crops he does. The chalk soils
of the South Downs and the brick-earth of the plain between them
and the sea require very different management and cropping. The
soil overlying the chalk varies from patches of heavy clay, where
beans can be grown, to the thin white soil 3 or 4 in. thick,
where rabbits and stones are the only profitable products; but in
many of the little valleys and combes there are pockets of reddish
earth with a ragged flint, which are as highly esteemed for their
cropping powers as the brick-earth. All these varieties of the
chalk are easily worked with two horses, and although they dry
quickly, crops upon them will withstand a considerable drought, as
the chalk just below keeps the roots of the plant cool. These condi-
tions largely govern the crops grown and therefore the cultivations
made for them.

Wheat is not much grown ; where it is, great care must be taken
to consolidate properly the soil at seed-time and again after the
winter frosts are over. Where a breeding flock of sheep is kept,
they must have the first consideration ; therefore no chance must be
neglected to ensure the root crop being got in at the proper time.
The stubbles will be ploughed the first time as soon as the winter
catch crops are sown, ploughed again in early spring, worked to a
tilth, and then after ploughing and working a third time there
should be little difficedty in getting a plant of swedes or rape to
stand, if care is taken to conserve the moisture while the seedling is
making its first roots. Of course a good down to feed the ewes on
is of the greatest assistance to the arable land, and although the sheep
for generations have been carrying away the fertility of the down
to the arable, it seems to make little difference to the grass. It is
difficult to see what future these chalk farms have; a very large
amount of capital is required to lay them to grass, fence and provide
a water supply. Considerable tracts of the downs have already
become covered with worthless bushes, thorns and brambles.

On the brick-earth of West Sussex practically any crop except
beans and hops can be grown successfully ; there is a sufficient depth
of staple to conserve enough moisture to withstand almost any
drought. Nearly all of it can be worked with two horses, so long
as care is taken to avoid treading it when it is wet weather; in fact
we have a saying that we often get on faster by keeping the horses
in the stable than by letting them muddle the ground about when
1t 1s wet,
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16 CULTIVATION

Formerly the four-course or Norfolk rotation was strictly
followed, now the aim seems to be to grow as few roots as pos-
sible ; hence it follows that a much smaller head of stock can be
carried, less capital is wanted, and a lower scale of production is
aimed at. If an outlet can be found for it, sugar-beet looks like
becoming a popular crop; Iooco acres were grown last year, and
4000 are promised for this season.

For wheat the land requires to be ploughed with two horses,
pressed, and harrowed about six times. Much of the seed is broad-
casted on a stale furrow ; it is rolled and sometimes harrowed in the
spring, the object being to get the ground thoroughly consolidated
round the root; for this reason bare fallows are not much liked, as
the land is left too light.

White winter oats frequently follow the wheat or, more rarely,
take its place. After this crop is off the long preparation for the root
crop comes. If time allows, the land is ploughed with two horses
or a tractor directly after harvest, then ploughed again in the winter
with two or three horses; the stale furrow is broken down in the
spring with cultivators and rollers, and, after the final ploughing,
is well worked to a fine tilth to get the seed well started—this is
the place in the rotation where the tractor with a disc harrow is of
the greatest assistance, enabling long hours to be worked to take
advantage of the most favourable opportunities. After the root
crops are fed off or removed the land is once ploughed, rolled and
disked, or rolled and harrowed and drilled with oats ; or, where fed
off, late sugar-beet may be put in.

When hard roads became general a former generation spent a
large amount of labour in chalking the brick-earths, very greatly to
their benefit; as they lay within easy distance of the chalk formation
this work was thought to pay quite as well from the lessening of
the work to make a tilth as from the increase of crop. It was made
possible by the large number of horses kept to cope with the pres-
sure of spring work, for in those days four or five ploughings for
roots, with innumerable rollings and harrowings, were the rule. I
have here the tillage book made when my father entered my present
farm in 1870; there were 4 ploughings, 25 drags, 10 small harrows,
and 8 rolls to get a tilth for swedes, and this was in a dry season.

Another way to assist in promoting a tilth is to sow deep-rooted
crops; a clover ley ploughed after it has been down for two years
will generally work well, and my limited experience of sugar-beet
seems to indicate that the land usually works well after it.

While we owe a deep debt of gratitude to the agricultural
implement-makers for providing us with our present equipment, in
my case it is only a lively sense of favoursto come. What I want to
see is a machine which can be drawn by a tractor that will rapidly
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CULTIVATION 17

and thoroughly move the top 3 in. of soil directly after harvest to
start all the weed seeds growing. I want also a combined machine of
light draft which will cultivate, roll and harrow in one operation j it
would be a miniature edition of the combined implement moved by
cable engines as used in Lincolnshire and Sussex. Finally, I want a
tractor which will not take half the power it develops to move itself
along and which will not consolidate the land—something like the
dragons which move and have their being at Aldershot, I mean.

ON THE LAND IN SOUTH-EAST
ESSEX

By J. STEEL
’Burna'wm’, Rochford

BerorE going into the cultivations for the various crops I should
like to draw your attention to the climate and the class of land I had
to work. The south-east of Essex is without doubt the driest
district in England, the rainfall hardly ever reaching 20 in.
The district was subject to long periods of drought in the spring
and summer, so spring cultivations had to be hurriedly carried out
if successful crops were to be produced. With the dry east winds
moisture evaporated quickly, making a good tilth difficult to get
unless you had a good command of power just when wanted.

The farms were situated on the north bank of the Roach, a
tidal river, with a geatle rise and facing south; land adjoining the
river was light, lying on sand and gravel, always dry, and could be
worked at any time of the year and producing early crops. The fields
on the rise were a better class, lying on various subsoils, and on top
of the rise it was gravelly and much given to burning in parts. A
narrow band of clay ran across the farm, and to get early cultivation I
had to do considerable draining, which was very successful, and let
me get on with work that without the drains would have delayed
getting in crops quite a fortnight owing to wet spots on every field.
Had I known, I might have used the mole-plough, which I ultimately
did in some fields with great success and at much less cost.

As a guide to system of working. The farms extended to 700
acres, about 400 arable, carrying a stock of 50 milk cows with fol-
lowers, 150 brezding ewes, and latterly 50 sows. All the land before
my tenure was farmed on the stitch; fields that were heavy I laid
down to grass and kept arable only what could be worked on the flat,
Cultivations were carried out with horses and tractors, and steam
tackle was always available on hire when wanted. Having been an
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18 CULTIVATION

engineer I was favourably placed for keeping down expense in tractor
repairs, this work all being done on the farm by myself and the
drivers. I found the men took a more intelligent interest when once
they learned to do the overhaul, and some of them turned out good
mechanics.

I will deal first with potatoes, as being the principal crop on the
farms. The stubbles got 15 loads of dung skimmed in with a two-
or three-furrow tractor plough, and in October or November steam-
ploughed and subsoiled, ploughing 10 in. and subsoiling 8 in. deep.
Some of this work had to be done in the spring, at the earliest
possible date in March as the weather suited : the autumn ploughing
and subsoiling I always preferred, as it made the spring cultivations
easy. When steamed in the spring the land ploughed whole and was
difficult to break down, unless the weather was very favourable, and
very often took the double of the work and never made such a fine
seed-bed for the potato crop. I used the Subsoil only once in six
years; when not subsoiling a balance-plough was used with three
horses or the tractor. The spring cultivations, before planting under
ordinary circumstances, were set folding harrows, or disc, then cul-
tivated both ways, set of harrows, open the land with double furrow
combined manure-drill, sowing 8 cwt.artificialmanure, planting—with
eight women—out of chitting boxes, or bags if late variety, then
covering with single baulker and doing 4 acres per day. I had a
special two-wheel trolly for carrying the potato boxes in front of
planters, the wheel shod divided to straddle the drills or baulks so
that the land was not kneaded down where the potatoes were planted.
Before the potatoes came up the drills were harrowed down, then a
cultivator run along the rows, doing three rows at a time, hand-hoed,
cultivated again, sometimes twice, according to the state of the land,
then half moulded by cultivator with breasts, three rows at 2 time,
and the final moulding by single baulker before the tops were met
in the rows. My opinion is, in growing potatoes you must do your
deep cultivations before planting ; once planted you have done the
deed, and no cultivations will ever get your land in condition for a
successful crop. I have tried deep broadsharing, skimming after
planting, but to me, on the land I had to deal with, it did more
harm than good.

Wheat followed potato crops and clover leys, ploughed 5 or 6 in.
deep. I always insisted on the ploughmen setting up the furrows
when ploughing ; it was an eyesore to me to see furrows flopped
on their back ; it makes the land easier to harrow and is drier right
through the winter. The depth of the furrow is the guide to the
width. Land ploughed well does not cap in the spring. If you have
something on top you want buried then use a skim. Clover ley I
balance-plough 6 in. deep. A set of harrows in front, a light set
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behind, should be ample to prepare and cover the wheat when
drilled. In the spring a ring roll, with a heavy set of harrows fixed
behind, pulled by a light tractor both ways, should be all that is
required. If you are pushed for time, from daylight to dark you
should cover 30 acres; it would take many horses to do that in
one day. When clover is drilled I horse-hoe the rows. Barley I
mostly put in after wheat or oats, using a broadshear or cultivator
to clean the stubble and spear the fallen grain, then plough as for
wheat, drilling in October or November with a dressing of 5 cwt.
Liebig’s manure; this produced 6 to 8 grs. of good malting barley.
Spring sowing never produced the quarters nor the sample on my
land. T used Plumage Archers. The barley was generally my best
paying crop. It was many years before I learned the vaiue of
autumn-sown barley.,

Oats I put in, about half Grey Winter, drilled in September, and
Abundance in the spring, drilling end of January or beginning of
February; if later than the middle of March they were generally a
failure—the weather got too dry and they bottled. After early
potatoes I drilled rye in first week of August for feeding my ewes
and lambs in February, when it was generally a foot high and had
to be finished by the 1st of April or it ran to seed; this land was
balance-ploughed, and put in with kohlrabi and mangel in April
without manure, as the sheep were heavily fed for fat lambs to go to
market at Easter. My®light land near the river mostly produced
three crops in two years. Mangel I gave up growing three years
ago, unless a few for the sheep when feeding the rye. They be-
came too expensive to grow to feed the dairy cows. I put the
water before the cowd; that cost me nothing, and the average yield
of milk went up from 700 to 1000 gallons. Still I have no doubt
they had a little extra meal.

If I had a field that wanted cleaning I put in tares and oats in
the early autumn and either fed off with sheep or made it into hay,
steamed it up with the cultivator, and followed with kohlrabi seed or
turnips and fed off with sheep. I found this just as good as a fallow,
and the crops paid for the work.

When I first started farming in Essex my expenses for plough-
shares was a serious item to one who had not a penny to spare. I
consulted an expert plough agent from the North, stating the stony
nature of my land and the cost of shares—from 2s. to 5s. per acre for
ploughing. He sent me on trial a chill digging plough with rever-
sible points and shares, that reduced my costs of ploughing irons from
shillings down to one or twopence per acre. The plough did better
work, was easier to draw, and I never used any other ploughs till the
tractor-plough came on the market.

In the last few years the tractors did practically all the ploughing,
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20 CULTIVATION

cultivating, rolling, harrowing, and cut most of the harvest. They
pulled all the potatoes from the fields to the road for loading on the
motor-lorry. I had a contract for delivery by motor-lorry to market
or station at a price no horse-labour could touch. My horse-power
was reduced by half and I always had the work well in hand. If you
have heavy and deep cultivations to do, always get the steam tackle ;
you will only strain your tractors and make half a job. Never ask a
tractor to take more than a comfortable load, and then you will find
its capacity for work will more than satisfy any farmer.” I have seen
land in Lincolnshire, and even in south-east Essex, where you could
put in a crop with little effort, shut the gate, .and return in the
autumn and get a rich reward. Lucky farmers who haveit. But the
great bulk of the land will not produce of its best without somebody
sweating. I have tried to cheat the land of its cultivations when I
was pressed for time, with the result I was poorer and sadder, but
I hope a little wiser.

It takes a lifetime to learn the little one knows.

I have given you a rough outline of the cultivations in the
district. No farmer can tell his neighbour exactly what cultiva-
tions will be needed to put a field in condition for a crop. The
land varies from field to field, from farm to farm, and year to
year. No book can give the information, yet something tells you
after long experience and close attention to the weather conditions
what implements to use, and when and H®w, to get the desired
result,

Now I will tell you a story that has nothing to do with cultivations.
In the dry summer of 1921 I had a 15-acre field named Stoneylayes,
with white clover for sheep-feed. As the name suggests, it was the
worst arable field I had on the farm and the crops that came off it
were often in debt. The shepherd had the folds set, and the day
before they were to be put on I chanced to go into the field, and
finding it very forward and coming into flower it struck me it would
be of little use for the flock as feed and might be of more value for
seed. 'When I told the shepherd (feed was scarce) my intentions, I
have seldom seen a more angry man. I cut the seed, but it was so
short it had to be thrashed in the field. I had even to hand-rake it to
gather the heads. I showed a sample to a merchant, who asked me
to send it on at once to fill an order for New Zealand. When dressed
by his machine the sample was very fine, and yielded over 9 bushels
per acre. The sheep-feed value could not have improved my flock
£50. When the cheque came from the merchant, that wretched
poor field gave me a profit within a few pounds of £500! A bee-
keeper, just before the clover came into .flower, put a strong hive
of bees in the corner of the field, and in the short time jt was in
bloom gathered 1 cwt. of honey. 'I wonder if the scientific staff of
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Rothamsted could tell me how much I was indebted to these
busy little creatures for such a bumper crop of seed.

Never despair. You never know where golden treasure may be
hiding, but keep your eyes open lest you miss it.

CULTIVATION OPERATIONS ON
THE YORKSHIRE WOLDS

By ]J. H. SPILMAN
Gardbam Farm, Beverley

It is only with the very greatest of misgivings that I venture to
address you this afterncon. I am very far from considering myself
either an authority on cultivation or yet a public speaker, and I must
ask you to deal leniently with me as ¢ a first offender.”

It has been said that the best speakers arealways the worst farmers,
s0 I shall not trouble you with any further apologies, except to say that
my only excuse for addressing you at all is a sense of gratitude for
the help and assistance I have for many years received from Sir
John Russell. Much as I appreciate the honour of addressing you,
I should have hesitated to take advantage of the opportunity so
kindly extended to me had it not been for a feeling of indebtedness
and a desire to try to show my appreciation, if oply in a very small
and inadequate way.

I need perhaps only add, in justification of my presence here,
that any information may be able to give you is the outcome of a
lifelong experience in the district of which I speak, farming on both
light wold land and on heavy warp alongside the Humber Estuary.

The remarks which I am about to make apply to the East
Yorkshire Wolds, which, for the most part, consist of only some
4 in. of soil overlying the chalk. There is considerable variation
in the texture of this soil and there are at least three different types.
The first contains a large proportion of small loose flints, and whilst
spoken of as light land is nevertheless very heavy on implements in
wear and tear. The best types of barley land are, however, those on
which what we call chalk grits are freely mingled with the soil ;
while the third type, free of both flint and grits, is, contrary to
what might be expected, generally the poorest of the three—so
much so in fact that it is often referred to as ¢ deaf” land. Such
Iand as I am speaking of is generally farmed on the four-course
system, the most favoured rotation being Roots, Barley, Seeds,,
Wheat or Oats. On some of the heavier lands at the foot of the
Wolds a five-course system is often adopted, a second white crop
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22 CULTIVATION

being taken, with the assistance of artificial manure, after the
wheat.

Before going any further it would perhaps be as well to point
out that it is quite common for farms on such land as I am speaking
of to run up to 600, 700, 80o and even 1000 acres, practically all
of which is under the plough, pasture grasses being practically un-
met with. It is on such land that sheep supply the keynote to the
whole system followed, and the old axiom has it that a sheep to the
acre is an essential to good farming. Cattle, which play a necessary
part, are bought in in the autumn and wintered in the yards, where
they are fattened and sold in the spring, often, unfortunately, at a
very considerable loss in these days.

Throughout the winter the sheep are folded and fattened on
the turnips, the treading and manuring which the land thus
receives being a very essential feature of the rotation; it is on
such land that the value of the golden hoof has probably its
deepest meaning and significance. The manure left in the yards
by the cattle is carted on to the land for the root crop, the
greater part of which is generally swedes, which are also given
a dressing of perhaps 3 cwt. of bones and 3 cwt. of superphosphate
or other phosphatic manure. There is a common impression that
bones in a dry form are preferable to dissolved bones or finer
forms of bone-meal, the prevalent idea being that the decomposition
of the bones is hastened and controlled by the amount of chalk
in the soil, the coarser forms of bone manure consequently leaving
a greater residue, which acts beneficially on the following barley
crop. Some of you may perhaps be able to enlarge on the
scientific aspects of that suggestion.

When manuring follows the lines I have just outlined, it is not
as a rule found necessary to introduce any further artificials in such
a rotation as I am speaking of, though a spring top-dressing may
of course at times be found necessary for a backward corn crop.

Turning to the rotation as outlined, we are commencing with
a bare fallow in preparation for roots in the form of swedes,
white turnips and perhaps a few mangel.

When harvest is early and any part of the land is full of
couch grass, or, as it is termed in Yorkshire, “ Wicks,” we
plough over lightly and work the land down so that the fallow
harrows will pull out the grass, which is rolled into heaps by
a Parmiter harrow or a chain harrow, the rubbish being then
loaded into carts and tipped into one huge heap and burnt, or
in some cases raked into small heaps and burnt without carting;
but I prefer one large heap, because the ash, when laid a year,
is most useful to mix the artificial manures with, and when drilled
with the seed helps it to germinate very much better.
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It might perhaps be as well here to explain that the method
of sowing turnip seeds, almost universally followed, is by means
of a drill known locally as a « Kirby Moorside,” which combines
the two operations of drilling and manure-distributing in one.

After the rubbish is heaped up and burnt the land should be
ploughed over and left until mid-winter, when, if it is still dry
enough, or slightly frozen, it should be again ploughed, thus
leaving all weeds such as buttercups and the short couch grass
to be more easily worked out in the spring.

Before the war it was customary to row and manure with
farmyard dung, which had been in a hill for some time, all the
land required for swedes, and to sow the soft turnips on the level ;
but now the greater quantity of roots are drilled on the level
on account of the saving of labour and time, and by getting
more rows to the acre quite as much weight is secured, but the
individual roots are not so large.

In a very dry season there is a custom in Yorkshire which
has proved successful—that is, to only top-work the land in the
spring and, just previous to sowing the swedes, to manure with
well-rotted dung and instead of ploughing in to drill the seed
amongst the manure and follow with harrows only, thus saving
the turning up of tht soil and the consequent loss of moisture.

Plumage is the favourite barley at the present time in the
East Riding, followed by Plumage Archer, but the last two or
three seasons have not favoured the growing of best malting
barley in that district, the cause being unfavourable weather at
a particular period, possibly a slight frost at ripening time.

During the wary tractors were used a great deal for the
preparation of the root land, but since the price of horses and
oats have fallen so much, it is found cheaper to depend upon
the latter, except in very busy seasons and dry periods.

After the turnips have been eaten on by sheep, to which oil-cake
and corn have been given, the land is ploughed very lightly ; in fact
there is a saying in the East Riding that ¢ the more baulks the
more barley,” signifying that the lighter the ploughing the better.
I perhaps should say here that the clovers are sown along with the
barley, and they are usually the best plant where sown early.
Frost does not appear to injure the young plant, and they get estab-
lished before the long dry days. The custom in regard to grazing
seeds is to sow rye-grass (Italian) upon half the land, the other half
being sown with clovers only, and at the end of the four years the
seeding is reversed, so that wheat follows the clovers and oats the
rye-grass.

Very little clover or grass is cut for hay upon the Wolds, both
usually being grazed by sheep and cattle, so that fog or aftermath
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is very scarce; and thousand-headed kale, rape and mustard are
usually sown for the first eating, followed by a break of beefheart
or early mammoth turnips.

This being a period (August) when the lambs are difficult to
manage, the best and safest food is early turnips, even if a few have
run to seed.

After the clovers have been summer-grazed, half are sown with
Little Joss Wheat, the land being ploughed with double-furrowed
ploughs, harrowed down and drilled at the rate of 3 bushels per
acre early on, and increasing the quantity as the season becomes
advanced ; if the land is wet enough, 1st October is the time to
commence.

Should the weather be very unsettled, the press-drill is used, so
that all may be kept worked close up to the plough. The remaining
old seeds are useful to run the ewes on when the turnip land is extra
dirty, where they are usually folded behind the hoggs. The hoggs
are folded in front of the ewes and given the first bite of the turnips,
which the following ewes eat down and clean up. The greater
number of ewes the more quickly the ground is travelled over,
which is of considerable advantage to the hoggs and brings them to
market at an earlier date than when left for any considerable time
on any one fold. $

In the large folds of sheep it is now customary to use a com-
bined petrol-engine and turnip-cutter, which greatly assists in getting
the sheep quickly fed.

About January the rye-grass seeds are ploughed and pressed,
double-furrow ploughs being used and three horses to a plough, or
the seeds are left until early February, and should the weather be
open they are press-drilled, preferably with Goldfinder oats; but
should the season be later for any reason, an earlier oat such as
Abundance or Victory should be sown, and the surface well rolled
to ensure solidity, as it is very seldom old seeds are solid enough,
particularly when containing rye-grass.

I mentioned earlier that the deeper Wold land or land at the
foot of the Wolds is farmed on the five-course system, where sugar-
beet, potatoes and beans are grown, but the four-course is con-
sidered to be the cheaper way and less labour is required, the land
being automatically kept clean by the quick recurrence of the fallow
or Toot crop. :

Having endeavoured to give you some indication of the methods
followed on the Yorkshire Wolds, it will hardly be necessary for
me to point out that the Wold farmer is at present going through
a very trying time, with his necessarily heavy labour bill and fat
sheep, cattle and barley as his main sources of income. He has to
seek consolation in such remarks as those of Mr H. German, an
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ex-President of the National Farmers’ Union, who, after an
extensive tour of the district last spring, stated publicly that he
was prepared to go into any county in England and say that
nowhere had he seen land better farmed than on the Wolds of
East Yorkshire.

SPRING CULTIVATIONS IN

THE WEST
Br J. JOYCE
Preston Bowyer, Milverton, Somerset -

In the successful cultivation of a farm no idea can be entertained
of cultivating it intermittingly, spasmodically, or as an off-and-on
business.

The farmer’s watchfulness, attention and desire to do what is
needful to be done must constitute a continuous weight of
responsibility on the mind. To do the right thing in the right
time, or as near to that time as possible, involves keen personal
watchfulness of every operation for every crop, and that attention
must be unceasing. '

The novel, Sussex Gorse, by Sheila Kaye-Smith, which I
read a year or two ago, if stripped of its slight exaggeration
describes truthfully, I think, what takes place in the life of a
successful cultivator of the soil. His care and love for the farm
and the continuous pressing forward with the work even when
things look their worst is a good description of his life’s work.

Spring Cultivations in the West must mean, I take it, cultivations
applied to the soil by farmers in the West of England from after
Christmas each year until the late summer.

Taking over from the autumn in describing spring cultivations,
no matter whether in the east or in the west, it must be taken for
granted that the prévious autumn cultivations on the farm have
been attended to and that we take over in January, say, lands
that have been properly managed during the previous four or
five months. We must assume, for instance, on the heavier land,
that that portion of it which has not been planted in the autumn
and which is intended for spring crops has been ploughed up
rough and deep, so that the hoped-for frost and thaw have what
we call ““ weathered ” this exposed soil and rendered it amenable,
with a very little scratching, to the production of a fine tilth and
an ashy surface.
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We must also assume that on the lighter soils, apart from those
portions that are in to * leys,” root ground seeds and catch crops—
and by ‘“catch crops™ I mean trifolium, trefoil, vetches, rye, etc.
—that those fields which were not clean enough to be thus seeded
out the previous spring or last autumn after cleaning—that these
also should have been ploughed up, like the heavy lands, in the
late autumn or winter, ready for cleaning in the spring or summer.

Objects

The main objects of cultivation are :

To so thoroughly move the entire soil to such a depth that
the rootlets growing out of the seed sown or out of the plants
inserted will readily and freely be able to penetrate round them,
below them and above them, and so be easily able to acquire the
nourishment they need, or at any rate to get at what nourishment
that particular soil contains for them.

To so pulverize the soil thoroughly and deeply as to leave
no hard places in it, but rendering it consistently all alike down
to a sufficient depth, so as to increase its powers for the absorption
of moisture, and for the retention of that moisture for a good long
period in the dry weather.,

This stirring and mixing also equalizes and distributes the plant
food in the soil, and by hoeing, spudding and other operations to
destroy the weeds injurious to plants.

i
Cereal Crops 4/

We will take, first, the spring cereal crops and the cultiva-
tions necessary and helpful to them—cereals such as oats, barley,
dredge corn, tares or vetches, etc.

Returning first to our heavy land again, where it has been
ploughed and ¢ weathered” by the frosts and thaws. Provided
that such natural events have happened to them, and that the
month of March is also a genial one—dry, with a few showers—
these lands are as easily cultivated for spring cereals as any land
you could wish for, but, of course, provided these things have
happened.

We just harrow the furrows the same way as it was ploughed,
with sharp-tined harrows, and then harrow crossways with the
same; we apply, perhaps, a spring tooth harrow a little deeper
but not too deeply, then another harrow in front of the drill
and a harrow after, and generally we should have a good seed-bed.

On the lighter loams and more friable soils such as the * leys,”
and where the trefoil or other catch crops were growing, these
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should be ploughed down, and in doing so, all that which was
on the top should be turned well underneath. And in the West
.we have come to use for these light soils the turn-over or one-
way plough, either with a digger plate or the longer broadside,
and we also use the spiner.

Personally, I use a digger plate always, for everything, and never
change them, except for new ones, and nearly always use the spiner.

This ploughing should be performed during the months of
January and February. Then in late February and March oppor-
tunities in the weather are waited for, and all available teams and
horses are out to till the best lands first, the poorer lands a little
later ; and I may say here that the poorer our land is in heart, or
the more deficient it is in residual manures, the more particular we
must be in the cultivation, and an ideal seed-bed must be secured in
order to grow a crop.

Conversely, the saying exists in the West that a farmer whose
land is in tiptop condition and fertility may cultivate and drill his
land when he likes and how he likes, and still will grow a good
crop. ‘This is not altogether true ; but what is true in it is that crops
in land which is in good heart will get over difficulties much more
easily than those on poor land. But I still hold that no matter how
good a condition the land is in, the best that is known suitable for
that soil and crop should always be done to it. Although a farmer
may get what looks to be a good crop on good land in good heart
put in badly, yet it may not be a good crop to him ; and there is always
this unknown factor, What would that crop have been had it been
put in in first-class condition ?

There is an old saying, and a true one, ¢ Better to be out of time
than be out of tune.” Better to be late and the crop put in well than
to be early and the crop put in badly.

With all spring cereal crops, at the time of drilling the seed
the soil should be fine, loose, and well mixed, so that one can easily
drag one’s toe along the soil to a depth nearly up to the instep, and,
if called upon, be able to drag it from one end of the field to the
other without coming across any entanglements, hard places, bulges
or lumps. What I generally do on entering a field just ready to
be tilled is to search for the worst places and try dragging along my
toe there, and if my foot will not go easily, then the soil of that
field is not fit to take the crop, and further cultivations must be
transacted to make it answer this test.

_ On the land where roots have been during the autumn and
winter, and these have been folded down with sheep, there has
always been a contention as to what depth this land should be
ploughed for spring oats and barley.

Now if the land is otherwise poor except for this crop of roots
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which has been grown, and the manure resulting from the same, I
have no doubt, to get as much back again as possible in the coming
cereal crop, it would be wise, perhaps, to plough only 4 or § in.
deep, work it with implements at that depth, render it loose and
fine, and put in the crop. But where the land is in good heart, and
has been previously well managed and farmed, and the soil will allow
of it, I prefer the deep ploughing—about 7 or 8 in. even here ; mix it
all up together, get the soil evenly fine and loose, 6 in. deep, and put
in the crop. Now the cereals are in. The only thing that remains
to be done to this soil if the weather keeps fine is, before the grain
appears above ground, to give it another harrowing, and when
it has appeared, and got well up and strong in the blade, we then
put in the seeds in the land that has previously been to roots, or in
the land that is in rotation for seeds, clover seeds, etc., for hay
fourteen months after; while in the remaining part that is not in-
tended for hay the year after the corn is harvested, and yet is free
from couch, we seed out in the corn trefoil, at the rate of about
12 Ib. an acre without Ttalian, and 8 to 1o Ib. an acre with about
I peck of Italian.

Cultivations for the seed, provided the corn was put in as de-
scribed, would be a light roll, sow the seed, then drag light seed
harrows or chain harrows over to cover—for the seed should be only
just covered—then roll with a rather heavier roller.

ﬂfaﬂg&/d i rops

Probably the cultivation of beet is similar to that of mangolds,
but my experience of beet-growing has been for only three years,
and I feel I may have much to learn respecting it.

I maintain that where either mangels or beet are grown, to save
expensive hauling, both of the farmyard manure for these crops and
also hauling away the roots when grown, a course of cropping should
be adopted, and a long-sighted plan should be made for the growth
of these crops, so as to save as much long-distance cartage as possible.
That would mean that a certain number of fields or parts of fields
should be selected near a good road if possible, and also not too far
from the buildings where the manure is made ; and as mangolds can
be grown often on the same land, much economy of labour and
expense can be afforded by this sort of long planning.

Personally, I have six fields, all of them abutting on to a good
highway—three on one side and three on the other of it—on to which
the dung can be carted up in a heap at any time there is to spare.
At a place where these six fields converge we place our mangold
clamp every year. It is a fairly long clamp to the inside of the road
hedge, and we have three gates leading from the road to this clamp—
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one at the far end of the clamp, one at the near end, and one in the
middle—and thus we have a hard road to most of the mangold clamp
for the purpose of carting the roots both on # it and out of it, and
also the dung for them earlier.

The mangold crop is usually taken in the West after a cereal
crop the previous year, although some farmers lately have come
to put them in after swedes or kale, fed off late in the spring.

Personally, on a loam fairly light, I grow the mangolds every
year after a catch crop of early trifolium and vetches mixed. This
trifolium and vetches is the first crop to be tilled the previous
August.  After the corn is carried, the field is skim-ploughed
and rubbed out fine with chain harrows, early trifolium sowed
in at the rate of 20 lb. an acre and 1 to 2 pecks of vetches
broadcasted by hand. The stubble and any weeds that were
rubbed out by the chain harrows are ignored while seeding, then
when dry flung about over the surface plant of trifolium. This

trifolium crop is begun to be folded about the middle of April.

The farmyard manure, which has been carted out in a heap all
ready during the winter, is put on it as the sheep leave the folds,
and dunging and ploughing about 8 in. deep is kept up to the
hurdles with the one-way plough. Part of the field is put in to
mangolds about the 7th or 8th of May. The sheep generally
have finished and come out on the 1oth or 12th May, and the
remaining part of the field is got in by the 1 5th or 16th May.

Those who put their mangolds in after their last pieces of swedes
are folded off treat the soil for mangolds in much the same way
as I do after the catch crops which I have described.

In a very dry sprif, possibly, the mangolds after swedes or
kale, or after a winter fallow, would start away a little faster
than after the trifolium and vetches, though for thirty years I
have followed the other course and never failed to have a fair
crop of mangels or a good one.

On heavy land it is very necessary to plough down the dung
deeply in late autumn or early winter, and allow the frost, and
thaw after, to pulverize it; and I notice the best managers on
this kind of land do not give it a lot of spring cultivation, except
with the sharp-tined harrows, to get an even, fine surface at a
depth of 2 or 3 in., and they generally put in the mangolds at
the end of April or just the beginning of May.

With the loams and lighter soils, other than after the catch
and swede crops that I have described, the dung may be ploughed
down later in the winter or spring, but the ploughing should
be as deep as the soil will admit of, up to 8 or 9.in., both where
there has been a catch crop and where not. And I like a good deal
of stirring and mixing, gradually rising in depth with the implements
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to finally shallow harrowing and rolling, and this leaves a fine,
loose tilth for 2 or 3 in. only on the top, with the remainder
of the 8 in. of soil gradually tightening as it goes down. This
can be accomplished by first loosening and mixing the soil as
deep as one can without pulling up too much manure in the
earlier workings, and with the treading of the horses, and the
harrowing and rolling later, this firmness in the bottom and
fineness and looseness on top may generally be accomplished.

We drill the mangold and beet crop with drills 18 in. apart,
putting in plenty of seed. A harrow over after the drill completes
the process of planting.

The Swede and Turnip Crop

In the far west counties—Somerset, Devon and Cornwall—
swedes are not planted until June, and in my immediate neighbour-
hood, and the red soil from Taunton down to Exeter and below,
not generally until nearly midsummer. Common turnips follow in
July.

First-class feeding for ewes and lambs in the spring can be
got with mixed swedes and kale planted as late as the 1oth July,
and this date is about the ideal time for turnips if they are not
required early in the autumn.

We need not deal with these crops on heavy land, for they
are seldom planted in it. On the lighter soils, where the climate
is good, early and late trifolium and vetches are often grown as
catch crops in the same year previous to these root crops.
Personally, I grow mangolds after trifolium, beet after trefoil,
swedes and kale after trifolium and winter vetches, and common
turnips after vetches and rape sown in the early spring, keeping
the whole of the land constantly cropped.

In order to grow roots successfully after catch crops—that is,
the two crops in the one year—it is necessary for the plough to
follow tightly up to the sheep-folding, and that all the machinery,
horses and man power be kept up to the mark; and the farmer
himself must be able to “catch” opportunities as they occur, and
the land must never be allowed to be foul, although with these
crops always growing it is difficult for the farmer to boast absolute
immunity from couch.

In the hill country and less favourable climates in the West,
where catch crops are not suitable, swedes and kale and turnips
are grown after a corn crop has been taken the previous year,
with the errish.ploughed in the autumn, the land allowed to lie
during the winter, and cross-ploughing taking place as early as
possible after the cereals in the other lands have been put in
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and teams are available; then after cross-ploughing thorough
cleaning of the couch and other weeds takes place, and the land
is ploughed often two or three times more, the last ploughing
taking place in June for swedes, and the end of June or July
for turnips.

This constitutes a thorough pulverization and cleaning of the
swedes and turnip land on the hills where a five-course system is
generally adopted, and with two years down to temporary grasses
and one year to roots and two to corn.

Weeds and their Eradication, etc.

I now deal with the third object of cultivation. A maximum
crop cannot be grown on any land encumbered with weeds, so that
the killing and clearance of them is absolutely necessary and must
be proceeded with. They cannot, as the Scriptures say, be allowed
to grow together till harvest.

With the crops that are drilled, such as the root crops, we use
the horse-hoe and the hand-hoe, which not only kills these weeds,
but also moves and aerates the soil ; and the old saying is that the
more the roots are pulled about the faster they grow, and the soil
also seems better able to retain the moisture in a dry time with
plenty of early hoeings.

Corn crops are often pestered with thistles, dock weeds, poppies,
wild oats and the charlock plant, and many other smaller weeds of
less consequence.

Thistles, if not cut out and fought with, will greatly lessen any
crop. I have found thé best way to tackle the common thistle in
arable land is by constant deep ploughing for all the crops, and
then most of them will disappear in time. One never sees the
best farmers with a large amount of thistles growing, and it is
to this one thing that I principally attribute their disappearance :
most good farmers plough and cultivate deeply, or as deep as
their soil will admit. My father impressed on me that neither
thistles nor coltsfoot could live long on the same farm with a
good farmer,

Charlock. I maintain that it is not economy to grow charlock
and crops together, even in cereal crops. For myself, if I had now
a charlock field—and I had over 20 acres thirty years ago where
charlock was as thick as the corn—I should decide on one of two
courses : either to get rid of the charlock, or lay down the land to
grass.

Charlock can be got rid of, and it will pay for ridding, if arable
crops are persisted with; and the same man who gets rid of it will
never allow it to get back again, but another man may who comes
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after him and who has not seen the successful fight which caused
its disappearance.

Docks, of course, are not difficult on most lands, but they need
hand-digging and pulling, and to clear them there must be rigid
picking after the plough and harrows. The easiest weeds to destroy,
I am told, are widow’s weeds, for a man has only to say, “ Wilt
thou ?” and they generally wilt.

There are other weeds to contend with, but my time is gone,
and there may be questions which I shall be delighted to answer.
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THE DISCUSSION

Sir Danier Harw, in opening the proceedings, said that the business
of cultivation ranks as one of the most pressing economic problems
of agriculture. .

The methods and systems in use at the present time are for the
most part closely related to those which were existing in the middle
of the eighteenth century. Given plenty of cheap labour these
methods may be effective in producing good and profitable crops,
but when the cost of labour is high in relation to the value of the
produce, the profit coming to the farmer from the use of them is
seriously diminished. In 1750, when our methods of cultivation
were systematized in their present form, the wages of a full-grown
agricultural labourer were about 7s. per week. At the same time
the price of wheat was from 5os. to 6os. per quarter.

Putting the wages in terms of wheat, one quarter would pay
one man for seven or eight weeks’ work.

In July 1927 the price of wheat was about the same (50s. to 60s.),
but the price of labour was very different, and one quarter of wheat
would pay one man for about ten days only.

It is obvious that where such changes of economic balance have
occurred, readjustments of farming methods must be considered,
and a great problem which arable farmers have to face at present
is that of remoulding their practice to suit a period of dear labour
and cheap produce.

L]

Mr J. R. Boxp, in congratulating Sir John Russell on arranging
a conference of such wide interest, remarked that cultivation was
undoubtedly the most costly single item which appeared in the
budget of an arable farmer, and it was in all probability the one on
which he had the least detailed information. From the papers which
had just been read one could not help arriving at the conclusion
that the actual principles of cultivation have not as yet been arrived
at, for what one farmer laid down as essential, another immediately
contradicted.

As an example of the chaos of principle which exists he called
the attention of the meeting to the fact that most farmers use im-
plements of compression (rollers, etc.) on their land, whereas
gardeners and allotment-holders avoid compression at all costs, even
laying down boards on the soil to walk on.

Mr H. Inskrp said that during the course of the conference it
had been stated that deep ploughing was an essential.
Speaking from many years’ experience on his own land (light
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loam), he entirely agreed with this principle, and would even go
so far as to say that nine out of ten farmers do not plough deep
enough. In answer to a question relating to the depth of his
ploughing, Mr Inskip replied that he ¢ varied in depth from 12 to
15 in. with a furrow 15 in. wide.” He obtained this with a Single
Furrow Oliver Plough,” drawn by a Fordson tractor.

Deeply ploughed land stood the drought well, and one only had
to consider the cultivation given for such plants as sweet-peas, which
involved deep trenching, in order to realize that on some lands the
principle of making the crops search downwards for their food and
water could be used with profit.

Mr W. HasLER, whose land embraced the heavy clays of Essex,
stressed the present cost of production coupled with the low price
of the products. He thought that there had never been a more
pressing need for a reduction in the cost of cultivation operations
than at the present time.

The problem of deep ploughing was one which, in his opinion,
needed careful consideration; for should the ploughing be too
bold, the ultimate result would be the laying on the surface of the
field a large amount of useless soil. This applied especially to
steam-ploughing ; and the depth at which the plough was to be set,
when such tackle was used, was one which only the farmer with a
full knowledge of his field could answer.

Mr J. G. STewarT stated that he had been very interested in
the results obtained from the experiments in Rotary Cultivation.
He was of the opinion that more beneficial results would have been
obtained on a different soil.

In the south of England one of the most difficult operations
to perform was that of obtaining a level crop with all under-sown
‘“seeds.” The headlands and the portions of the field by gate-
ways invariably showed a good crop. In mid-field, however, the
result was inclined to be thin. Mr Stewart put forward the idea
that this difference might be accounted for by the fact that the head-
lands, having had more traffic on them, would naturally be more
compressed, and the “ seeds” would therefore be only very lightly
covered, but at the same time would rest on a moist bed ; whereas
in the centre of the field they would most certainly be sown deeper,
and on a looser bed. It seems therefore that there is a general
tendency to cover seeds too deeply.

In drawing attention to the many multiple and labour-saving
agricultural implements which were in everyday use in America
Mr Stewart remarked that he rather thought they were ¢ children
of necessity, rather than of perfection,” and were the outcome of an
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endeavour to cultivate and harvest immense areas with the minimum
amount of man labour.

Substitution of crops might in some cases save labour, and kale
was perhaps to be preferred to turnips, since there was a definite
saving of labour in the cultivation of the crop.

Mr J. H. SpiLman did not agree with the last speaker (Mr
Stewart), and said that, in his opinion, there was not a crop which
keeps the sheep so long on the land as that of turnips.

On the Wolds the practice of growing turnips for sheep-
feed, in preference to kale, was almost universal. He supposed
that the reasons were, first, that turnips did not exhaust the land
so much as kale, and secondly, that the crop went further. In his
district they reckoned that one acre of turnips would winter ten
sheep.

The sowing of turnips was performed mainly by the use of the
“Kirby Moorside” drill—an implement which sowed the seed
and manure in one operation, and therefore effected a considerable
saving of man- and horse-power.

Mr Suorten (Howard & Son, Bedford) said that it was only
natural that his firm should take a very keen and live interest in this
conference, for it was their business to manufacture the implements
of cultivation required by the farmer, and if possible to embody
their own experiences coupled with the results of soil cultivation as
carried out by the scientific investigator, in order to produce better,
and perhaps more economic, instruments. Mr Shorten held the
opinion that the mofe modern implements which were now avail
able for the farmer were not being used to full advantage, and that
a great improvement in the destruction of many weeds could be
brought about by the use of modern and correct cultivation imple-
ments at the same time that adequate tilths were being obtained.

Mr W. Lawson admitted that in certain parts of the country
improvements might be made in relation to the destruction of weeds
by using modern machinery. In the south of England, where
weeds grew all the year round, the problem was one of great
difficuley.

Speaking of the depth of ploughing, he said that, as far as his
experience went, it was a question which the soil on the particular
field answered for itself. He believed that good cultivation always
meant an enormous amount of cultivation, and that at the present
time the subject had to be viewed from two different angles. In
the first place there was the matter of cultivation as viewed academic-
ally and fundamentally. Taking this view, it appeared that we
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know very little of the underlying principles of the operations which
we perform, and that there is a very large field for fundamental
research in the matter. In the second view the economic balance
between cost and return had to be considered, and he thought that
there is a very excellent opportunity for the use and popularization
of both labour-saving crops (such as kale) and machinery.

Mr J. W. Cories (Caterpillar Tractors) said that he had some-
times heard the merits of various tractors being discussed in terms
of speed. Speed was not an essential factor in the manufacture of
an agricultural tractor. What was required in such an implement
was reliability. A machine which was slow, but could be relied
upon to give steady and reliable work, was worth far more than
one which covered the ground at a great speed, but at uncertain
times. One of the difficulties that makers of the more powerful
tractors meet with at present is the dearth of implements suitable
to really deep ploughing and subsoiling, and he thought that there
was room for a good deal of practical research.

Mr J. PorTeR remarked that drainage is very often the fore-
runner of cultivation, and as an instance quoted some of the heavy soils
in Buckinghamshire, where four horses and two men were required
for a single-plough team. In many of the cases cultivation would
be rendered far more easy if the draining and liming were first
attended to. - Another fact of topical interest bearing on the same
point—of the necessity for adequate drainage if good tilth is to be
obtained—is found in the preference shown by the Eastern Counties
farmers for ridge as against flat sowing for sugar-beet.

Sir Joun RussiLL, in summing up the discussion, expressed his
thanks to all the speakers, and mentioned that this was the fifth
of the Rothamsted Conferences, and from the interest which had
been taken in this and the previous ones it was evident that they
were fulfilling the objects for which they were started.

Referring to the discussion which had just taken place, he
said that the three chief objects of cultivation were :

(1) Preparation of the seed-bed.
.(2) Conservation of moisture,
(3) Removal of weeds.

At the present time not so much stress was laid upon the
aeration of the soil as had been done in the past.

With regard to the correct depth of ploughing, it was evident
from the discussion that very little agreement could be arrived
at on the subject. The fact that one season differs from another,
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and that farm differs from farm, acre from acre, and field from
field, made the reduction of cultivation to a set of rules impossible,
There seemed to be, however, certain underlying principles which
exist through many temporary conditions, and which form the
basis of all successful operations.

Two points of interest arising from recent laboratory work
were found in the lessening of the resistance of land to the passage
of implements after the application of chalk, and by the considerable
reduction of friction on plough breasts which appear when an
electric current is passed through them, and induce a lubricating
film of moisture to form upon them.

SUMMARY OF POINTS: GENERAL

Br C. HEIGHAM, M. A.
Rothamsted Experimental Station

(1) The objects of cultivation are threefold :

(a) The elimination of weeds and unwanted plants.

(6) The control of soil moisture in relation to the crop.

(¢) The production of a condition of soil favourable to
plant growth—i.e. the making of * tilth.”

(2) Cultivation processes as we have them are for the most part
the outcome of many years of practical experience on the land, and
can be traced through many stages of gradual improvement.

(3) From time to time startling innovations have appeared, and
a few of these have remained to revolutionize some of the operations
of agriculture. The name of Jethro Tull, who invented the seed-
drill and the system of horse-hoeing husbandry, is particularly
associated with one of the greatest of these steps in progress.

(4) The great development of industry and mechanics during
the nineteenth and twentieth centuries made possible great develop-
ments in the construction of implements of tillage, but this was not
accompanied by any great change in principle, and the form of the
early types has remained easily recognizable in many of the most
modern productions.

(5) Despite the accumulation of many centuries of experience,
we still know very little of what really happens to the soil when it
is cultivated, or when the forces of the weather act upon it; and it
seems that a close study of the intimate relations of soil particles to
each other and to moisture should form the basis of any further
advance both in implement design and in systems of cultivation.

(6) The level of cultivation maintained at any period depends
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partly upon the type of machinery and power which is available
for the production of a perfect tilth and partly upon the amount of
labour which a farmer can afford to use for any particular crop.
It may often happen that good and thorough cultivation is unsound
in the economic sense.

(7) The existing methods of cultivation depend for continued
success upon a large supply of cheap man labour. Such labour is
no longer to be obtained, and in consequence the economic principles
upon which the older systems were founded have ceased to apply.
The comparative values of such matters as speed, depth and high
finish in ploughing and other operations, which were fairly well
established all over the country, are now once more in question.

(8) There is a considerable divergence of opinion among farmers
as to the value of deep ploughing. It is claimed, on the one hand,
that it will make possible the preparation of a deep seed-bed in
which plant roots may penetrate quickly to a constant water supply.
On the other hand, it is said that it may lead to the transference to
the surface of raw subsoil, or to the drying out of the top soil to a
considerable depth.

Despite this clash of opinion, it appears that bold and thorough
ploughing in autumn and winter is the best foundation for good
cultivation on most soils. The depth of ploughing must depend in
each case upon the depth of the top soil and the nature of the sub-
soil. Where it is intended to deepen the ploughing, care should be
taken to avoid the exposure of more than an inch or so of unkindly
subsoil at one time.

(9) There appears to be very little reliable information as to the
value of subsoiling, and there is need for widespread and well-
designed investigation on this point.

(10) There is a curious clash of opinion as between the farmer,
who rolls his land and uses sheep in order to obtain compression of
the surface, and the gardener, who takes particular care to keep his
soil loose and friable. In both cases it is claimed that the control of
the soil moisture in relation to the crop is improved. It would
appear that this apparent contradiction can be reconciled to some
extent by the adaptability of the plant. In the first case the amount
of water relative to the bulk of the top soil is increased and the
plant roots have no need to travel far for their supplies. In the
second case a deep-rooting habit is definitely encouraged by
the looseness of the soil and the drying of the surface layers,
and the plant is encouraged to get its nourishment from a depth
where the water supply remains constant.

(11) In the economic field there would seem to be a good
case for the use of cheap feeding crops such as kale and mixed
leys in place of the more expensive root crops. This is in reality
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an avoidance of cultivation, but it may be well justified under
conditions of high cost and cheap product.

(12) The sources of power available for the work of cultivation
are increasing, and already many farmers have found that an
intelligent use of petrol- and paraffin-driven tractors has enabled
them to keep up the working force of arable farms at a reasonable
cost. The case of the heavy land farm in Essex adduced in Mr
Steel’s paper is particularly striking in this respect. It may be
noted that Mr Steel was a trained engineer and that his power
machinery was well looked after. '

(13) The speed of work of agricultural implements becomes a
matter of great importance as the sources of power are developing.
It appears that the soil-resistance to ploughing at 431 miles per
hour increases only 7 per cent. from what it is at 2} miles per hour.
This plain fact suggests great possibilities for development both
of implements and tractors in the future.

(14) Certain new implements of a rotary type and driven by
internal combustion engines are now available. These would
appear to have many uses on the more intensive farms and in
market gardens, but at present there is very little evidence avail-
able for their performance in comparison to the older and better-
known implements of tillage.

(15) There would appear to be a general agreement that in
the direction of the cultivations on his farm the farmer is called
upon to exercise to the full his personal knowledge of the land
and his judgment of the prevailing conditions.

While it is admitted that there is a great deal to be learned
about the underlying principles, or the science of cultivation, it
appears certain that the art of it as it appears in the work of an
individual farmer on a field which he knows well must be
maintained as the vital link between precept and practice.
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GREEN MANURING ON CHALK
IN S.W, SUSSEX
By H. DREWITT

As there is sometimes some confusion between catch-cropping and
green manuring, it will perhaps be well to draw the distinction between
them. By a catch crop I mean one that is sown in advance of the
rotation crop of that year, and is fed or carried off before the latter is
sown ; a crop sown for green manuring is ploughed in as it stands
purely for the sake of the manurial value of the decayed residue to the
rotation crop.

I do not propose to go into the history of green manuring this
afternoon, but only to discuss it as it affects present-day practice of the
farmer, whose first consideration must be : Is it going to pay ? If he
looks at it from any other point of view he is no longer a business man,
but a philanthropist—a réle few of us can afford to occupy to-day.

There are many considerations which affect the cost of growing
the crop, apart from weather conditions ; one principal item is the
cost of seed—e.g. mustard seed during the past season has cost at least
64s. per cwt., as against a normal price of 40s., thus increasing the cost
of seeding by at least five shillings an acre.

The older form of green manuring was carried out for the benefit
of the autumn-sown crops, and nearly always took the form of mustard
sown on a bare or bastard fallow, and ploughed in for wheat. In my
own district—S.W. Sussex—this practice has largely increased since
the war, not so much from the need to bare-fallow the land as from the
disinclination to sow roots to feed off with sheep—this is partly due to
the high price of store sheep ; some very heavy crops of white winter
oats have also been grown in this way.

Another and much cheaper way 1s to sow trefoil in the spring oat
crop and plough it in for the beneﬁ); of the wheat crop which follows ;
but sowing the trefoil in the wheat for the oat crop which may follow
seems to be of little use : possibly this is due to the shorter time the oat
crop is occupying the land. It seems to make little difference to the
wheat crop whether the trefoil is grazed in the autumn or not. This
form of green manuring is not so popular as it was, owing to the high
cost of trefoil seed of late years; it is reckoned the equivalent of
1 cwt. of nitrate of soda per acre, and while nitrate is about 50 per
cent. dearer, trefoil seed is at least 100 per cent. up.

In green manuring for spring-sown crops other factors must be taken
into account ; in the first place the land must be clean when sown, as
it will be impossible to undertake any cleaning operations when sowing
the rotation crop ; the rainfall also must be taken into consideration
—if it is not fairly high the green crop will have taken up too large a
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EXPERIENCE WITH GREEN MANUR-
ING ON LIGHT LANDS IN NORFOLK
By H. UPCHER

I consiper Sir John Russell has done me a great honour in asking
me to come here to-day to read a paper to all you learned people, for
I am only a common or garden Norfolk farmer, who has tried to go
about the world with his eyes open.

I have no carefully obtained statistics to put before you, and can
only tell you of the results obtained by myself over a series of years.
During this time I have become so captivated with the joy of produc-
tion that my business has become my hobby : also, although coming
from Norfolk, and I may appear to be a heretic, 1 have learnt that
the four-course system of farming, though excellent in some localities,
can be a big stumbling-block in others. Moreover, I have engendered
a suspicion that the turnip—and especially the white turnip—is to a
large extent the * root of all evil.”

Now, I suppose Sir John Russell asked me to come here because he
knows that for many years I lived on the edge of an agricultural desert,
with which I had close personal contact through the medium of my
pocket. Incidentally, I may tell you that he had very nobly answered
my 5.0.5., and had come to help me with advice and soil analysis—
and green manuring was to be one of the means to the end.

Now green manuring has been quite a common practice in
S.W. Norfolk, and mustard has been the usual crop. It has generally
been made use of as a preliminary for wheat—when there has not been
enough farmyard manure to go over the whole area that was destined
for wheat. ‘Also, there was a widely held idea that if you ploughed
in mustard the wireworms would fyeed so greedily on it that they
burst. I must confess that I never saw a “ burst” wireworm, but
wheat usually did well on the mustard diet. The wheat was sown
after mustarcr on the better lands, loam or chalk, quite as freely as
on the thinner soils.

Now this S.W. Norfolk district in which I lived has a very large
acreage of light land, lying between the Brecks and the Fens. A very
interesting district from the point of view of the botanist, the geologist,
and the ornithologist—from a farmer’s point of view it is as full of
problems as a crossword puzzle. Sir John Russell will agree with me
when 1 say that much of the soil here contains from 88 per cent. to
92 per cent. of insoluble silicious matter—or, in other words, is flint
dust. Truly not a very promising seed bed. Still, this was the chief
material some of us had to work on, of a varying depth of from 6 in,
to 1 ft. 6 in. on the top of what was locally known as deadlime—
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wanted in the rotation, vetches and winter oats sown on corn stubble,
and fed off by sheep in June, followed by mustard ploughed in or fed
off, then rye sown in October or earlier for early spring feed, followed
by turnips fed off on the land. With such a rotation the land would
have smiled—and, I think, the farmer too.

There are many things that can be used to plough in. T once
ploughed in a field of red clover, with extraordinarily good results
following. In Tasmania I found they sowed peas, vetches, clover,
and even lucerne to plough in for their apples. At Methwold, for
tobacco-growing, rye sowed in the autumn, and ploughed in when
about 4 in. to 6 in. high in the spring, gave very good results.
Lupins are a first-class crop for the purpose, being a nitrogenous
plant, but they must have a sufficient depth of sand or they will not do.

Probably the most peculiar crop I ever ploughed in was poppies.
It was on the farm I am now on. The land here is very subject to
poppies. I had sowed peas and they looked splendid to a certain date,
when suddenly poppies began to appear. They grew and grew, and at
last one day the whole field burst into a scarlet coat. This was more
than I could bear, and they were ploughed in the next day. Mixed
kales were sown, on which T hurdled hundreds of pigs. The field has
not forgotten this.

Another important point to remember about this light land farming
is to get your stubbles, which are not laid down with grass seeds,
ploughed over as quickly as possible, and sown with some crop. Tares
and winter oats are perKaps the best. They supply four alternatives—
sheep feed, silage, hay, or to be left for seed. They are, I think, too
valuable to be ploughed in. Rye does well either for early sheep feed
or to be ploughed in, and makes a lovely seed bed for roots or kales.
Whichever crop you use, the chief effect it has is that it preserves
the nitrates, as the growing crop collects them from the soil, and so
prevents them being washed out by the winter rains. Nitrates are the
dearest things to buy, so always keep them if possible, and so add to
the producing power of your land.

I think I have given enough examples of possibilities. As to the
limitations, they are wide. This system is very helpful for getting
humus into the soil when a farm has been let down, or contains very
poor land, and to assist in keeping land in heart—very useful too for
keeping in condition outlying lands, far from the homesteads and
manure yards.

It is entirely a question of circumstances—climate, available labour
for ploughing and sowing, and so forth. I cannot, however, imagine any
land that it would not suit. I have tried all sorts of crops to plough
in, and have always derived benefit from doing it. I am sure heavy
Jand must derive quite as much benefit as light—what is ploughed in
must assist very much in aerating the soil, and in helping the drainage.
To sum it up, it is a good substitute for farmyard manure when this
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amount of water in the soil in times of summer drought. I therefore
resolved to go in for deep ploughing in the early spring, and with the
help of a Fordson tractor, and a special type of);ingle-furrow plough,
I always plough at least 12 in. deep for potatoes. Another great
help to conserving moisture is, as every practical farmer knows, to
hoe the crop frequently during the summer, even when there are no
weeds to destroy.

But the best way of conserving moisture, and also providing plant
food, is to maintain a constant supply of humus in the soil. I use
considerable quantities of farmyard and London stable manure, and
supplement it as often as possible by ploughing in a crop of green
manures.

1 work my farm on a three-year rotation as follows :

1st year—potatoes, which are manured and also green-manured.
2nd year—peas, mangold seed and miscellaneous crops.
3rd year—corn.

The green manures are sown in, or after, the corn crop, in
preparation for the succeeding crop of potatoes.

After an experience of at least twenty vears, during which time I
have experimented with many kinds of green manures, I have no
hesitation in saying that ordinary broad-leaved clover is the best for m
purpose. The cost of the seed per acre should not exceed 10s., whicK
is much cheaper than many of the alternative crops. It collects nitrogen
as well as supplying humus, and it makes possible a ploughing of the
ground in the autumn, and again in the spring—a practice which I
strongly recommend for such a crop as potatoes. The only drawback
to clover sown in the corn in the early spring is that I often fail to get
a plant if a short period of dry weather succeeds the date of sowing.

Only last year (in the spring of 1925) I arranged to conduct some
experiments for Mr H. J. Page, of Rothamsted, and sowed five or
six different varieties of clovers, in order to test their comparative
values for ploughing in as green manures. It was a great disappoint-
ment to all concerned that all these crops failed because of the drought
that followed. I always try to sow the clovers as early in the spring
as possible before the land loses too much of its winter moisture. Some-
times I sow at the end of March, and in an average season on my land
it is wise to doso. I have, however, occasionally sown too early, when
the summer rainfall has been well above the average, and instead of
having no plant I have had too much of a plant, and the corn crop
has suffered, and has been difficult to harvest. I have sometimes
thought that a good average clover plant tends to decrease the yield
of the corn crop, but have no definite evidence to bring forward on
that point. If it is so, however, I may have been to some extent
losing on the swings what I have gained on the roundabouts.

It is a good plan to leave a narrow strip not drilled with clover for
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"The control plot and the mustard plot were ploughed in November,
before the winter frosts had killed the mustard, but of course the
other plots could not be ploughed until the spring. When this was
done early in April the rye was about 2 ft. high, and it should have
been turned into the soil several weeks earlier, for the reasons I have
already stated. When the potato plots were dug in October it was
found that no very definite results had been achieved. Owing to the
fact that all the plots had received a fairly liberal supply of manure
and artificials, and also that the summer rainfall had been above the
average, there was not a great variation in the yield on any of the plots.
“The tares plot was certainly the best,and gave a yield of 10 tons 13 cwt.
per acre (including seed and chats), but the nothing plot came second
with a yield of 105, and the mustard next with 9°15. These two
latter results seem to point to the value of an additional ploughing of
the land in the autumn.

I cannot say that this experiment has made me enthusiastic about
the value of ploughing in autumn-sown green crops as green manure,
especially when the cost of producing them is considered, but at the
same time 1 have learned by experience that it is not wise to base one’s
judgment on one year’s results.

On other matters connected with farming I have often proved
that a course of action which is right one year proves to be entirely
wrong the next, owing to the vagaries of our British weather conditions.

I have no doubt, however, about the value of spring-sown clovers
for green manure, and can heartily commend the practice to all those
who have to deal with land such as mine.

SOME RECENT EXPERIMENTS ON
GREEN MANURING

By H. J. PAGE, MBE. BSc, ALC
Rothamsted Experimental Station

Introduction—The trials on green manuring that were commenced
in 1924, under the Research Scheme of the Royal Agricultural Society,
were undertaken with the object of fostering the extension of this
system of manuring in this country. Such an extension, if it could
be effected with profit to the farmer, is particularly desirable in these
times when farmyard and stable manures are increasingly scarce and
costly.

In principle the possibilities of green manuring for British agri-
culture are attractive, but in practice a number of serious difficulties
arise. There is, in fact, a striking contrast between the possibilities of

a3
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sown catch crops is common in the West country. The use of under-
sown crops for green manuring is, however, chiefly confined to one
special district in this country. The experiments in which an attempt
was made to extend this practice to other districts failed, with one
exception. Six of the eight failures in these experiments were due to
the severe late spring drought that occurred in 1925. That this was
the main cause of the failure is shown by the fact that large areas of
“seeds ” sown in the ordinary way also fZiled in that year. Thus in
the case of Centre No. 11, not only did the under-sown green manure
crops fail, but also practically all the red clover sown on the same farm
on a commercial scale, although this is a centre where the use of
under-sown green manure crops is a regular feature of the ordina
farm practice. Similarly, at Centre No. 2, out of 80 acres sown wiI
red and white clover, 70 acres had to be ploughed up. However, since
the sowing of green manure crops in corn differs in no essential detail
from the ordinary well-established practice of sowing “seeds™ in
barley, it would appear that the system is one well meriting further
trial.

Turning to the results of those experiments in which the green
manure crop was successfully grown and ploughed in, as already men-
tioned, in four cases out of twelve the experiment was abandoned ;
this was owing to unauthorized departures from the agreed pro-
gramme. In one case the farmer failed to leave any control plots, and
in the others either the cropping scheme was changed or the main
crop harvested without being weighed, these facts not being discovered
until it was too late to remedy matters. In the remaining eight ex-
periments the main crop has been harvested and weighed in six cases,
whilst in the other two this has still to be done.

Five of the experiments were with cereals following mustard
ploughed in. The following Table is a summary of the results :

EXPERIMENTS WITH CEREALS FOLLOWING MUSTARD
PLOUGHED IN,

|
‘r | Yield of Grain, Cavt. per Acre| Yield after
\ | Mustard as

|- Cenire | Crop EERTR ST R L, e
| ‘ !Aﬂer Mustard Control | of Control
USRS IS R bR e
‘ No. | ‘ i |

3 | Wheat . TR L 3 LT ol -
; 15 | Wheat . B e ) 20y el 92 '
| 16 | Barley . .| 189 198 | ac
‘ 19 | Winter Oats . | ‘0 5 B 3 by
| 20 | Winter Oats .| 185 o5 | 174 {
| i | l
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are sufficiently striking to warrant careful inquiry into its limitations,
as exemplified by its failures. These limitations are due to two main
causes : (a) technical difficulties on the farm ; (4) variations in local
conditions.

The technical difficulties on the farm arise from the fact that the
green manures have first got to be grown on the land. If one favour-
able opportunity of applying dung is lost the chances are that others
will occur before it is altogether too late. Green manures, however,
have to be grown in short periods between main crops ; if the first
opportunity of sowing the green manure crop cannot be taken, prob-
ably it cannot be grown at all. The times at which green manure
crops must be sown usually coincide with periods of special activity
on the farm when there is already work enough for every man and
horse in the sowing, cleaning or harvesting of staple crops.

These difficulties are not insurmountable and no doubt the farmer
would manage to get over them if he knew that green manuring was
likely to pay.

1t remains to consider the limitations arising from variations in local
conditions. 1f we compare the conditions of climate and soil and the
systems of agriculture in those countries where green manuring is
successfully practised with those obtaining in this country we find
a strong contrast between uniformity on the one hand and diversity
on the other. As we pass fromt he Tropics, through the United States
to the Continent, and thence to this country, we find that the con-
ditions favourable to the success of straightforward systems of green
manuring disappear one by one. All are present in the Tropics : the
climatic conditions are specially suited to the rapid growth of a large
bulk of green crops, and the recurrence of these favourable weather
conditions from year to year can be counted on with certainty ; the
chance of failure is largely eliminated. In the United States the
climate is not so wholly favourable, but the uncertainty of the seasons
is not specially marked, so that, provided a system of green manuring
which is applicable to the local conditions is known, there is a reason-
able chance of its being successfully carried through in most years :
the large tracts of similar soil and cropping in that country are con-
ducive to the development of a system generally applicable over wide
areas. In Northern Europe the climate is less favourable, and the
season less reliable, but not to such an extent as in this island. Green
manuring can still be successfully used on extensive tracts of uniform
soil, on which special crops, such as sugar-beet or potatoes, are grown.
In this country, with its relatively short and cool summer, and its long
“ dead ” period in the winter months, with its uncertain climate, in
which weather conditions cannot be forecast even from one day to
another, with its irregular topograph{—such that types of soil and
systems of agriculture may vary radically even in adjoining parishes—
everything is against the possibility of developing a system of manuring
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striking possibilities. The costing of manure-making by beasts is a
subject on which very little reliable information exists. The results
of an experiment carried out recently at the Seale Hayne Agricultural
College illustrate what a heavy price may be paid for the manurial
value of dung, and in the present state of the beef trade such results
must be common. These results showed that, at the lowest estimate,
the net cost of the dung, when applied to the land, was 35s. per ton,
or £15 per acre for a ten-ton dressing, after allowing for the value of
the increase in weight of the stock. The disparity between the cost of
manuring with dung and with green manures is so large that a further
attempt to work out a practical means of utilizing the latter more
generally in British agriculture seems to be urgently called for.

GREEN MANURING
Bv J. A. VOELCKER, M.A,, Ph.D.

Arter Hellriegel had made clear the method by which certain of
the leguminosz were able to avail themselves of nitrogen from atmo-
spheric sources, and thereby supplied the long-wanting explanation
of the independence of the clover for direct supply of nitrogenous
manures, while providing in itself the nitrogenous need of a succeeding
corn crop, it struck me as being well to ascertain, by actual field experi-
ment, whether the same power was possessed, and to equal extent,
by other leguminous crops—e.g. tares (or vetches)—ordinarily grown
on the farm as green crops. If this held good for such, probably the
most economical way of growing a corn crop would be alternating ,
it with a leguminous green crop, either ploughed in or fed off upon the
land. For the purpose of comparison a leguminous crop—tares—was
taken on the one hand, and on the other a non-leguminous one—
mustard. The experiment was carried out on two different fields of
the Woburn farm, green crops being grown one year and cereal crops
the next. In the one case the green crops were ploughed in, in the
other they were fed off. The soil of either field was a light sandy loam
but poorly supplied with organic matter and deficient in lime. The
work began in Lansome Field—the less even and less satisfactory of
the two—in 1892, and on this the green crops were ploughed in,
two such crops being grown each alternate season and a corn crop
followed—generally wheat, though, occasionally, barley has been
taken. On the other field—Stackyard Field—which is of very even
character and well adapted for experiment, the work began in 1911,
and here the green crops grown have been fed off on the land by
sheep, which received cotton-cake in addition. This modification of
the original plan as adopted in Lansome Field was introduced in
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for the last three periods given above, the green crop has in each year
been put in with 3 cwt. per acre of superphosphate and 1 cwt. per acre
of sulphate of potash, while lime (2 tons per acre) was given in the
autumn of 1923. So it could not be said that failure was due to absence
of minerals or lime. Nor should it be due to lack of organic matter or
nitrogen, as, in addition to the feeding off of the green crop, the sheep
had also 3 cwt. of cotton-cake to the acre given to them along with a
little clover-hay.

Altogether it seems quite unaccountable that such miserable
crops of wheat should follow the pursuit of what would ordinarily be
considered good farming practice.

It is quite evident that there must be some factor, as yet unknown
to us, which produces a result not only at variance with scientific
deductions, but with practical experience generally, for, without as-
suming some disturbing element of this nature, it is incomprehensible
that liberal treatment such as these plots have received could result
in the production of crops so meagre. Many have been the attempts
1 have made to find a possible explanation, and many the suggestions
put forward, but none has so far been found to be tenable. It is not
that the green crops have been poor, for, with hardly an exception,
excellent crops have been grown, as evidenced by the fact that they
are always taken by a neighbouring farmer for feeding his lambs on.
What, further, is remarkable, is, that during the winter and spring the
wheat crop on either plot looks capital, and that it is not until May or
June that any falling off is perceptible. Then, and especially if a spell
of dry weather comes, the wheat crop begins to fall away, and never
matures properly. In the winter and spring of the 1924-1925 season
there was no wheat crop on the whole farm that looked as well as did
these green-manure plots—as can be testified to by members of the
Rothamsted staff who visited the farm—and yet, from May 1925 on-
wards, the crop began to fail and ultimately gave, as the Table shows,
only 57 bushels and 64 bushels per acre.” That such result is due to
the particular soil only is negatived by the fact that the same results
are found in Lansome Field—about a mile distant, and where the
green crops have been ploughed in. Further, in Stackyard Field, on
nother block of 2 acres, not 100 yards from the green-manure plots,
wheat grown in rotation after clover which had been taken off as hay,
and the ley ploughed in without further manuring, produced in 1925
252 bushels per acre. At intervals, also, the soil has been analysed,
and on the last occasion (1920) the tares soil was found to have ‘114
per cent. of nitrogen, while the mustard soil gave -098 per cent. only ;
and yet the tares soil (richer in nitrogen) produced only g7 bushels
of wheat per acre while the poorer mustard soil gave 14'2 bushels
peracre. From this it would appear that the tares soil, though richer
in nitrogen, has this present in a form in which the corn crop can less
readily utilize it. Certain it is that more nitrogen has been conveyed
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compared with fields where a late crop of potatoes was left on the
ground until October. I had recently been at Rothamsted studying
the work that had been done there and was impressed by figures
obtained there on loss of nitrogen through nitrification and drainage.
I advised catch crops after early potatoes and also catch crops of
“seeds ” put down with grain. Both these methods have caught on
in the more intensively cultivated districts in Scotland. In the Lothians
it is now quite common to put down a light seeding of, say, } bushel
Italian rye-grass and a few pounds of good cheap red clover seed,
with the grain, in spring, for the purpose of providing a clean bite for
lambs in autumn, and conserving and improving the fertility of the soil.

In a very dry climate it should be sown early to get a proper
start. A heavy crop of grain keeps it in check till harvest. When on
land in high condition it will come away very luxuriantly. As I have
said, the lambs usually pay for the seeding and we think the residue is
good for the land.

It is ploughed down during winter in preparation for the next
crop, normally-a green crop. Very often well-made dung that has
been lying over for the summer is applied to the stubble after harvest,
and this sets up a great growth. The growing vegetation prevents
the waste of soluble manurial material and provides a wealth of green-
stuff and roots to decompose in the soil as a preparation for the next
crop—which is usually potatoes.

Catch-cropping after early potatoes is now practised wherever
early potatoes are grown. This practice has been long esteemed in
the early districts in Ayrshire and in the South-west of Scotland, where
potato-lifting commences in June. A variety of crops have been used—
e.g. rape, rye-grass and barley. Californian barley grows very quickly,
and in rare seasons I have heard of its ripening into grain, but the
chief aims are green keep for sheep, the cleansing and purifying of
the land, and the maintenance of its fertility.

In my own districts, the best parts of the counties of Midlothian
and East Lothian, there has been a considerable extension of early
potato-growing followed bfy catch-cropping. In some cases early
potatoes are grown year after year on the same soil. The seed of
quick-growing early tubering varieties are sprouted or chitted in
boxes or trays, set about the end of February, or as soon after as possible,
and are heavily dressed with quick-acting manure. The land is con-
tinually worked to encourage growth and keep down weeds, until
the crop is up and covering the ground, which happens about the end
of May. Digging the crop takes place in July and August. Immedi-
ately after the digging, usually day by day, the seeding of the catch-
crop takes place. Rape used to be a favourite crop, as it grows quickly,
the seeding is cheap, and at one time it was supposed that there was
nothing like it for feeding sheep, but Italian rye-grass is now more
popular and more extensively used It is probably just as good in the
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One of the troubles of this kind of farming when the moisture
is more plentiful than usual is that the barley may lodge badly.

Sugar-beet promises to be a much more profitable crop now that
the price of barley has fallen so much. This year we had a gross
revenue in the neighbourhood of £36 per acre from sugar-beet, which
also provided a great mass of green organic matter for green manure.

From many observations of farm practice that I have made 1
have formed the opinion that it is very material that all turnip, mangel
and beet tops should be ploughed into the land while they are still

reen. In that condition they have a telling effect on the next crop,
but if allowed to lie on the surface of the soil until shrivelled and dead
they seem to have little influence in promoting growth.

Early potato-growing gives scope for catch-cropping at either end.
I have been dealing with crops after the main crop. Another method
we practise to a limited extent is to seed down cabbage plants in
August, after early potatoes. They can be sown and harrowed in
without any preparation, The cabbage plants are cleared by the end
of May, when the land is dunged, ploughed and set with early potatoes,
which have been coming forward in trays. Good seed well sprouted
may be planted with success as late as the middle of June. The soil
is often very dry after the cabbage plants, but sprouted potatoes will
probably start with less moisture than most crops.

The method of increasing the humus in the soil by putting land
down to temporary leys of mixtures of seeds, whose dominant feature
is cocksfoot and wild white clover, has in recent years become very
well understood in Scotland, with the result that a great deal of second-
and third-rate land is being systematically treated in this way. I have
one farm that has been greatly improved by this means. In fact, on
some of the better land under this treatment the condition stored up
after three or four years in grass is beginning to give trouble with
serious lodging in the succeeding grain crop. Another serious trouble
in this case 1s the grub of daddy longlegs, but this pest is being success-
fully overcome by the Paris éreen treatment, recently discovered by
the West of Scotland Agriculture College.

The other day I had brought under my notice the case of a farmer
who put his land down to grass for three years. He broke this up by
tractor and took a crop of turnips which were consumed on the land
by fattening sheep receiving cake. This was followed by potatoes
and then wheat sown out again. The wheat straw was sold off and
no dung was used. Not, perhaps, a system that could be universally
applied. But these movements all indicate a growing appreciation of
that great subject—the supply of organic matter to the soil—part of
which we have under discussion.
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a reliable cropper on this type of land and it has a reputation for keep-
ing wireworm in check. ~ Vetches are sometimes taken, but are not
considered so reliable and the seeding is more expensive.

On the Greensand—the other formation in Surrey where there is
a considerable area of poor light arable land—the raingll is appreciably
higher. Green manuring has not made much progress. A practice
which serves a similar purpose, however, is extending. This is the
laying down to a four- or six-years ley of the poorer and higher ground
which is most inaccessible for the dung cart. When the ley shows
signs of deterioration it is broken up for several years’ arable cultivation.

A further area of land, comprising sandy soils, brick earths and
the better arable land overlying the chalk, is situated immediately south
and south-west of London, in a district with an average rainfall of
22 to 24 in., and the value of humus is naturally highly appreciated.
The practice of green manuring on this land is ﬁmited, however, by
the following factors :

(1) The green-manuring crop must be a catch crop. It cannot
be allowed to take the place of a main crop ;

(2) It must not in any way interfere with the cultivations for and
the growing of the next main crop.

In the latter respect catch-cropping for green manuring is ruled
out on any land which has become foul and requires cleaning. The
catch crop cannot be allowed to grow on too near to the seeding time
of the main crop. There is a danger of the growing catch crop drying
out the top soil and the buried material, leaving the soil too open, to
the detriment of the succeeding crop.

The drying-out effect of a seeds ley on the succeeding wheat or
winter oats 1s well known and is guarded against.

The following are examples of green manuring practised in this

area :
After harvest the stubbles are ploughed. Rye is broadcasted at the
rate of 1} to 2 bushels per acre. London dung—a smaller dressing than
usual—is spread on the rye about January, and the growing rye and
the dung are ploughed under at this time. The ground is ploughed
again later and potatoes are taken.

This practice is fairly widely followed on the potato-growing
districts on the chalk where the farming is based on a four-course
rotation, one crop of which is potatoes, and where large quantities of
London dung have been used in the past.

Another practice I have seen is the sowing on the stubbles of
trifolium and rye-grass. This crop is ploughed under in May, and
swedes are taken. Rye is sometimes taken instead of trifolium.

In some cases the second growth of clovers and rye-grass is ploughed
in ; this usually happens on land to which it is expensive to cart dung.
Trifolium and rye-grass may sometimes be grown on the stubbles



THE CULTIVATION OF LUPINS
By A. W. OLDERSHAW, B.Sc.

I~ view of the fact that lupins are one of the best—if not the best—crops
for green manuring on poor light land,a few notes upon their cultivation
may be of interest.

Lupins have been grown and appreciated from very ancient times,
and the writings of Pliny, Columella, Palladius, Theophrastus and
others contain many references to them.

One Latin author states that * they flee away from lime,” whilst
my friend, Mr E. 1. Robson, has called my attention to a note from
a comparatively late Greek compiler, that “ Lupins thrive with
neglect and if they see anybody wanting to try to cultivate them
they run away.”

If this latter statement is to be taken literally, the object in reading
a paper on the cultivation of lupins is not quite obvious.

Varieties

In 1858 Mr Crisp, of Butley Abbey, Suffolk, obtained one sack
of blue lupins (Lupinus augustifolius), and one of the yellow variety
(Lupinus luteus). They were obtained from Prussia, and itis on record
that he obtained a remarkably good crop.

He found that the yellow variety was best for hay, straw and chaff,
and the blue for seed.

Since then it would appear that a fair acreage of blue lupins has
been grown regularly on the light land in Suffolk, for seed, for sheep
folding and for green manuring. :

On my arrival in Suffolk in 1911 I found no trace of yellow
lupins. Several years later I obtained a stock of that variety and tried
them against the local blue kind, but came to the conclusion that for
general purposes the blue variety was better suited for our conditions
than the yellow.

Since then seed of the large white lupin (Lupinus alba) has been
imported from Italy by Mr A. H. Sadd, of the Eastern Counties
Farmers’ Co-operative Association, and, from the three years’ experi-
ence of it which we now have, I have no hesitation in saying that it
is vastly superior to the blue and yellow varieties for growing a large
bulk of crop, and hence for green manuring. It produces a thicker
stem, larger and more vigorous leaves, and distinctly taller plants as a
whole than either of the other kinds. It is also much less attacked
by mildew, which disease in 1926 greatly damaged late-sown blue
lupins.

I do not know of anyone who has fed white lupins to sheep, but
hares and rabbits like them much better than blue lupins.

I
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As has been previously noted, the ancients held the view that
much lime is harmful, and I believe they were right.
From the limited evidence available I think the ideal condition is

a slightly acid or a neutral soil.

After Cultivation

Lupins are occasionally horse-hoed, although care must be taken
in doing this as the stems are very brittle. Where, as is often the case
on lupin land, much sorrel and spurrey is present, it is best to horse-
hoe. I know one case in which sorrel spoiled a field of lupins.

When the crop is to be ploughed in green it is unusual even
to horse-hoe—weeds and crop being allowed to grow together until
ploughing takes place.

Ploughing in

Where the crop is very rank and tall it may be necessary to roll
it down before ploughing in. If a chain is attached to the p{ough to
drag the crop in it is wonderful what a quantity of green matter can
be buried by a skilled ploughman. I have seen a crop 4 ft. 6 in. high
completely Kuried without rolling.

Harvesting the Seed

The crop may be cut by the binder or by the side-delivery reaper.
When cut by the binder, the spiny pods are rather hard on the binder
canvasses. 1 he seed is somewhat apt to shell.

The crop is shocked and, when dry, carted, exactly as with spring
beans.

THE DISCUSSION

Mr Barwerr FieLp said that mustard was the only green-
manuring crop which in his experience had stood the test of practice
in Hertfordshire.

With mustard he had often found difficulty in making a suitable
seed bed on corn stubbles after harvest, and he considered that when
the time could be afforded it was best grown as a mustard fallow.

He was able to agree with Dr Voelcker as to the progressive
failure of yields of wheat following the continued use of mustard as
a green manure.

Mr MacponaLbp, speaking with experience of mustard on heavy
land near Peterborough, said that he had encountered very great
difficulties in getting a seed bed in July. He had found that the use
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general, systems of farming and the cultivation of staple cash crops
could not be varied much or suddenly without a great risk of disaster.
The use of a green manuring crop -could only be considered as a
practical possibility where its cultivation and ploughing in would not
give rise to any high degree of such risk. He thought that in any
future scheme of experiment this fitting of the green manure crop to
the prevailing systems of farming should be very carefully considered.

The cost of farmyard manure was undoubtedly a very important
factor in deciding whether green manuring, with its attendant risks
and trouble, was worth while or not. This cost had been variously
estimated by different speakers from Scotland and England. The
general level of cost, whatever it was, must depend largely upon the
current prices for fat cattle, for milk and for pigs. Thus it would
appear that when these were low the importance of green manures
as a substitute for impossibly expensive dung became greater, and vice
versa.

Sir Joun RusseLr, concluding the discussion, said that in con-
junction with the broad suggestion of two divisions put forward by
Mr Amos, it was necessary to consider the possible methods of apply-
ing the green manure which had emerged during the conference.

These could be tabulated under three heads :

(1) The Old Fallow method, exemplified by the mustard before
corn, mentioned by several speakers.

(2) The Catch Crop method, following main crops coming early
to harvest or such things as early potatoes.

(3) The Under-sown Crop, as used successfully by Mr Inskip and
as attempted in a number of experiments.

Of these methods the first and second appeared to be successful in
many cases, and under a considerable range of conditions, while the
third seemed to be difficult to work and to be notably uncertain in
its results,

He noticed that mention had been made in one case at least of
changes which are occurring in some of the older systems of hus-
bandry, where sheep are being replaced by dairying and potatoes.
Such changes must bring the need for some értiliz'mg agent to replace
the sheep and keep the naturally poor and hungry soeils in a high con-
dition. There seems to be a tyair opportunity here for the extension
of green manuring,

Just at present, too, there were signs that wheat was again tending
to become the most profitable of the cereal crops. Without prejudice
or prophecy as to the future of wheat upon the market it would seem
that any return towards its old dominance in our agriculture must
be accompanied by an added interest in the well-proved methods of
cultivating it successfully. The mustard fallow to be followed by corn
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Successful Practice

(8) Green manuring has been used successfully in different
districts and on different soils :

(a) To build up fertility and water-holding power on very poor
and hungry soils ;

() To maintain the condition of some rich and highly farmed
soils.

(9) The mustard fallow followed by wheat is probably the oldest
and most general measure of green manuring in England. Its success
on many types of land is well known, but its popularity at any time
must depend on such varying factors as :

(a) The price of wheat and other winter-sown cereals ;
(8) The price of mustard seed ;
(¢) The cost of horse and man labour.

(10) As a preparation for potatoes, red clover under-sown in the
preceding corn crop, and ploughed down with dung before it was
frosted, has been found to be successful in one district. This treatment
has been known to produce an increase of 2 tons per acre in the
potato crop.

(11) Some green-manuring systems and the keeping of sheep
seem to give mutual support to each other. Crops such as mustard,
rape and rye can be grown quickly over wide areas, and can be used
profitably either for the folding of sheep or for ploughing down, as
the fall of the season may decide. The possession of an extra area
of green crop which can be used as sheep feed in time of scarcity is of
the utmost value to a flock-master.

(12) Lupins of the blue—and lately of the white—type have been
used as a basis for successful green manuring on the lightest and driest
lands of the Eastern Counties. Lupins as a catch crop have been used
successfully in Suffolk after—

(a) A spring fallow ;

(4) Early potatoes ;

(¢) Sheep feed—such as rye or tares ;

(d) Trifolium—folded or made into hay.

Lupins may also be used for sheep folding if a proper discretion is
exercised and the plants are not allowed to become too old before
being fed off.

(13) On some highly farmed land in Lincolnshire, beans (one
sack to the acre) sown af{'er early potatoes, and ploughed down when
in flower, have been found to be a valuable catch crop for maintaining
the rich condition of the soil,
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(24) Green-manure crops cannot be used easily on dirty land, for
their presence interferes with autumn and spring cleaning.

(25) The growing of green-manure crops is made more difficult
?y the fact that they may require attention at the busy seasons of the
arm.

Results and Possibilities of Experiment

(26) The results of recent experiments with green-manuring crops
serve to stress the limitations in use of systems of green manuring in
England, but at the same time show that under suitable conditions
valuable increases of crop may be obtained.

(27) Curious and unexp(ained reductions in the yield of wheat
and oats, following the use of mustard and tares as green-manuring
crops, were reported from Woburn as the result of many years of
continuous experiment conducted there by Dr Voelcker.

(28) In view of the difficulties and limitations made manifest by
past experimental work it appears that, in any wide scheme of experi-
ment in green manuring that may be contemplated in this country
in the future, adequate regard should be paid to the great and sudden
variations of local agricultural practice.

While general design of the experiments and the collection and
collation of data might be centralized, it seems that execution in the
field should be under very close local supervision and control.
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PREFACE

THE purpose of the conference on cultivation was to bring together
tarmers, implement-makers, tractor-makers and scientific workers to
hear an account of the practice of spring cultivation in different
parts of the country. The papers were read by farmers who are
themselves skilled cultivators, and the subsequent questions and
discussions helped to bring out the facts and to clear up uncertain
points. Cultivation is the most ancient of the farmer’s arts, and it
has received less aid from science (apart from engineering) than any
of them. The purpose of the Soil Physics Department, under
Dr B. A. Keen, is to obtain exact knowledge of what cultivation does
to the soil and so to change the old art into a science. Eighty years
ago chemists changed the art of manuring into a science and pro-
duced artificial fertilizers; the gain to agriculture was enormous.
Whether physicists can do as much for cultivation remains to be
seen. But the whole history of the last one hundred years shows that
progress 1s rapid once science is really applied to any human activity :
it will be surprising if science is unable to help the cultivator. The
first step is to get at the facts, and here our farmer friends can help
us ; the rest is to try to explain these facts and so to discover the
underlying principles, and here our farmer friends must have patience.
Until the scientific worker knows his problem he cannot solve it;
once a process can be explained some ingenious inventor finds an
easier way of doing it.

E. J. R.

October 1927. A
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CULTIVATION: THE ART AND

THE SCIENCE

By B. A. KEEN, D.Sc., F.InsT.P.
Rothamsted Experimental Station

CuLTIvaTION in this country has reached a high level of develop-
ment. The farmer has the accumulated experience of many
hundreds of years on which to draw, and this great bulk of
information has long since been crystallized into a mass of
traditional knowledge in which are hidden, no doubt, many
scientific principles. Speculations on cultivation problems are
found in the earliest agricultural literature, and, on the whole,
progress in some form was always going on. Nevertheless, just
as in any other art, there were certain periods when a.great
acceleration occurred. Jethro Tull’s seed -drill and horse - hoes
eventually revolutionized our cultural methods; the Industrial
Revolution of the last century and the growth of large manu-
facturing centres not only caused a large demand for foodstuffs,
but it provided the specialized technical knowledge and construc-
tional skill required for the manufacture of the new implements,
without which the change of farming methods could scarcely have
been effected. A great variety of implements sprang into existence
between 1840 and 1875 to meet the more frequent and detailed
cultivation operations necessitated by the new farming. Although
the designs were empirical and the improvements based on the
slow process of trial apd error, exceedingly valuable work was
done by the implement-makers, in modifying the old implements
and increasing their efficiency. Yet, in spite of this great advance,
the essential nature of the implements was not changed. Unlike
the thresher and the binder, which are in no sense adaptations
of the flail and the sickle, the tillage implements of to-day would
be recognized without difficulty by the farmer of two centuries
ago. He would also immediately recognize the actual operations.
We still have to undertake a long series of operations—ploughing,
cultivating, harrowing and rolling—to produce a tilth ; we are still
largely dependent on the weather, on winter frosts, and an
alternation of dry and moist conditions in the spring, and we are
still compelled, in adverse circumstances, to force a tilth and be
content with a condition that does not really deserve to be called
a tilth at all.

Another significant aspect of soil cultivation is the variation
in practices in different parts of the country. A good farmer
moving to another district has little real difficulty in adapting his

7



CULTIVATION 9

tillage and artificial fertilizers. Whereas tillage experiments are few
and far between, there have been innumerable manurial experiments
during the past seventy or eighty years, and there is no sign of their
numbers decreasing. The advances in soil chemistry associated with
Lawes and Gilbert formed the basis of the field trials of manures;
theory and experiment mutually aided each other, and in a compara-
tively short period a science of manuring was evolved. Herein is
the essential distinction between it and cultivation. Artificial manur-
ing has grown up under the guidance and control of the laboratory ;-
cultivation has not. It is far older than the physics and physical
chemistry of soil, the branches of knowledge mainly concerned.

Only in recent years has any systematic study of the soil been
made from these aspects. The laboratory results have been so
satisfactory that for some time past it has also been possible to
undertake with confidence investigations under practical field con-
ditions. I shall give, with special reference to cultivations and the
problem of soil tilth, an account of the main results obtained to
date by Dr Haines and myself, and a statement of the promising
extensions of this work.

The laboratory work revolves round the central fact that we can-
not understand the causes of tilth until we have a further knowledge
of the physical properties of soil.

The first stage was to sort out these factors and to devise methods
and apparatus so that they could be studied singly. Such work is
of necessity rather technical in character, and for the purpose of to-
day’s conference our field investigations are of more direct interest.
It is sufficient to mention that the laboratory work includes a study
of such factors as cohgsion—the tendency of the soil to form hard
clods when dry; plasticity—the ability to be moulded in the moist
state, like modellers’ clay ; surface friction between soil and a metal
surface; movement of moisture in the soil ; flocculation, or the
aggregation of individual soil particles into little crumbs or granules,
that characterize a soil in good tilth. Studies of this kind, when com-
bined with appropriate measurements in the field, are enabling us to
understand what happens to the soil when it is cultivated. It will
eventually be possible to give for any cultivation operation a specifi-
cation of the soil properties concerned, analogous to those that, under
the name of ** properties of materials,” the engineer already has for
the metals used in the actual implements. In the field much use is
made of the dynamometer, an instrument measuring the resistance

offered by the soil to the passage of a cultivation implement. Our
- first experiments were done with a dynamometer suitable only for
tractor work. We have now filled an important gap in our equip-
ment by the construction of a very light dynamometer, suitable for
all types of work, from the lightest horse-drawn implements to the
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crop and stock management to the new conditions, bat some time
passes before he feels thoroughly at home with his “cultivations,
He finds not only that the operations are modified from those he
formerly used, but the implements differ in design. It is instructive
to count up the variety of ploughs listed by any large implement
firm. Even when every allowance is made for unimportant
variations in design, the number of types remaining is surprising.
" To my mind it shows either that ploughing—the basic operation
of all cultivation—is a very complex business, or else that there
is still scope for further standardization of a few types of plough
and the elimination of the remainder. It is possible, indeed
probable, that both conclusions are true, but at present hardly
any data exist on which a reliable opinion could be based. In
spite of our wide practical experience, we know' little or nothing
of what really happens to the soil when it is ploughed or cultivated.
We can recognize the final effects, certainly, and, from experience,
we have found out how to arrange our operations so that there
is a good chance of securing these effects or any reasonable degree
of modification. But, except in a very general and incomplete
way, the explanation of how the effects are produced and, indeed,
the causes of tilth still escape us.

Although we have made little real change in the fundamental
design of cultivation implements in the last century, improvements
have been effected in important details that have resulted in better
work and a definite reduction in draught. Had the cost of labour
remained the same we should be tilling to-day more cheaply.
But labour costs have increased to an extent that more than offsets
this advantage. Tillage is still the most costly single item in
arable farming.

It is evident that there is a sound case for systematic inquiry
into cultivation matters. There is no reason to assume that we have
reached finality either in implements or methods, and, even if there
were, the important question of reducing tillage costs is still await-
ing exploration. The necessity for inquiry is not of recent origin,
so it is significant to find that there are very few tillage experi-
'ments recorded in the literature. Those found are almost entirely
of American origin. Agricultural teachers and investigators are
compelled to refer to them, and to assume that the conclusions
apply unaltered to conditions in this country. Those who have had
the opportunity of comparing British and American implements and
methods must have the gravest doubts whether this assumption is
correct. Unfortunately, owing to the absence of adequate culti-
vation experiments in this country, the assumption remains, neither
controverted nor confirmed.

There is a most instructive comparison in this connexion between
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. . S . .
celluloid ribbon, are permanent, and unaffected by oil, water or dirt.
Dealing now with the field investigations, they can be grouped
into two main divisions :

(1) Comparison of various alternative forms of cultivations.
(2) The possibility of increasing the efficiency of cultivations.

The first of these two divisions may be illustrated by an experi-
ment recently carried out at Rothamsted in comparing three dif-
ferent methods of preparing a seed-bed for roots. It is one of a series
that we intend to carry on for several years. The three methods
were (a) ridging, (4) an unridged seed-bed, (¢) rotary cultivation.
To eliminate soil variations, on which I shall have more to say later,
each treatment was triplicated, so that there were, in all, nine plots.

| The whole area was autumn-ploughed, after wheat, and in February
s cross-ploughed, with the exception of the plots intended for rotary

cultivation. The seed-beds were prepared in May, and immediately
before and during the cultivations samples of the soil were passed
'through a series of sieves to obtain a measure of the amount of
disintegration produced by each operation. As the soil was in
excellent physical condition it readily broke down, hence the differ-
ences in the three treatments were not as great as might have been

expected. However, it was evident that the rotary cultivator left

very few large lumps behind it, and further, the seed-bed produced
- was much more spongy or “ puffed up” in texture than with either

of the other treatments. Germination of the swede seed was earlier
jon the rotary cultivation plots, and in the early stages of growth
the plants were definitely better and more forward. Later on,
however, a striking change took place. The tendency of the
Rothamsted soil to ““cap” or to harden down in the surface layers
‘became greatly accentuated on these plots and, to judge by both
the feel and appearance of the soil, the hard layer extended much
'deeper than with the other treatments. It is probable that the tend-
cency to hardening was accentuated by the deep and uniformly fine
tilth produced by the rotary tines, but, whatever the explanation,
‘the results were very apparent. Growth was severely checked, the
plants fell behind those on the other plots and remained so right up

to harvest. The average yields of roots obtained in the experiments
were :

‘Normal or ridge cultivation 11-81 tons per acre
Cultivation on the flat 1308 ,; i
‘Rotary cultivation 9’40 ,, >

These yields are well below what would have been secured by full
manuring, which was withheld so as not to mask the cultivation
differences. Attention is directed, not to the actual yields, but to
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the differences. The difference in the first two figures is not sig-
pificant, but the difference between either of them and the rotary
cultivation figures is statistically significant. We thus have the
striking result that a form of cultivation definitely superior in the
early and presumably critical stages of growth produces serious
adverse effects at a later period.

As far as this single experiment goes, it conld be taken as dis-
proving the usefulness of rotary cultivation, but in my view such a
conclusion is too drastic. It is true that in the soil and weather
conditions of this particular experiment it failed in comparison with
more orthodox treatments, but it cannot be condemned completely
on this account. It is possible, for instance, that if the_tines had
been set to produce a coarser tilth—:.e. more of a digging spade-
like action than the fine comminution actually produced—better
results would have been secured. It is hoped to continue this
work in a variety of different conditions, because there is something
inherently attractive about the idea of rotary cultivation. The
principle is, as far as I can judge, a sound one, and directly utilizes
in a natural way the fundamental characteristic of the internal com-
bustion engine, which is the production of circular motion. It may
be legitimately argued that, if our next advance in cultivation is to be
the production of a tillage machine as distinct from a series of tillage
implements, rotary cultivation in some form will be the solution.

Turning now to the second division of the field investigations,
the efficiency of cultivation processes may possibly be increased
in one or all of several ways. We can modify the soil or improve
the implement, or, again, reduce the actual costs of cultivation.

One method of mgqdifying the soil is to reduce its resistance.’
The use of farmyard manure or green manure in this connexion
has been known for a long while. Our dynamometer results
show this effect very clearly. The reduction in draft may be as|
much as 20 per cent. in cases where very considerable qualities
of farmyard manure are added, but in ordinary farming the
reduction would be less, although the accompanying effects of
improved tilth and better water relationships would of course be
secured as well.

A second method of reducing draft that has definitely passed
the experimental stage and is awaiting commercial exploitation
has been devised by my colleagues, Dr Crowther and Dr Haines,
as the direct outcome of laboratory investigations. It has been
known for some time that soil possesses colloidal properties. Dr
Crowther and Dr Haines have utilized the fact that when an electric
current is passed through moist colloidal material there is a move-
ment of water to one of the electrodes. By insulating the coulter
from the framework of a plough and passing a current down it,
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and making the mould-board the negative electrode, a film of soil
moisture becomes deposited on the mould-board and acts as an
efficient lubricator. Field experiments showed that a reduction
of draft was secured whenever the current was switched on, and
there is little doubt that the device could be successfully developed.
It is of especial interest in its possible adaptation to soils that are
very difficult to work in normal circumstances and also to such
operations as mole drainage.

A third method which has been followed up at Rothamsted

/

“for some years is the effect of chalking heavy land. The operation

was extensively practised a century ago, but the increase in cost
of labour has caused it to be largely abandoned. We have found
from our dynamometer records that a chalking of 10 to I§ tons per
acre applied sixteen years ago is still causing an appreciable
reduction in the resistance to tillage implements. The effect is
a variable one: in very dry or very wet conditions it is not
marked, but when the soil is moist, reductions of 14 or 1§ per cent.
in draft have been obtained. Further, the chalked area is ready
for cultivation earlier than the corresponding unchalked strips.
This reduction in draft has not hitherto been generally recognized,
and it constitutes an appreciable credit item to set against the
initial heavy cost of chalking. The question also arises whether
lime in smaller quantities would also produce a similar effect, and,
thanks to the financial co-operation of lime-producing associations,
we have been enabled this year to lay out some experiments to
test this point.

In dealing with the effect of chalk I mentioned that the state
of the soil affects the dynamometer records. In the course of our
experimental work we have frequently observed such effects. Loose
soil, for instance, may have a surprisingly high resistance. Instead
of sliding smoothly and in a comparatively unbroken furrow slice
over the surface of a mould-board, considerable friction is developed,
not so much on the mould-board itself as between the large
number of independent lumps of soil. It is necessary to allow

for this effect in the interpretation of records obtained in a field
of variable texture. In the early stages of our work we selected,
as far as possible, fields which, to visual inspection, appeared quite
uniform. We were surprised to find that such fields were by
no means uniform in the resistance offered to the cultivation
implements. Variations of as much as 5o per cent. were obtained
in different parts of the field, and -could not be attributed to
differences in moisture - content nor by any means entirely to
variations in the amount of clay present in the soil. They seem,
however, to be closely associated with changes in such properties
as cohesion and plasticity, which were mentioned earlier as forming
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part of the laboratory investigations into soil tilth. Their im-
mediate practical interest is in the bearing they have on competitive
implement trials or on tests of new patterns. If the particular
field in question had been divided up into strips a chain wide
and one of them allotted to each implement (the invariable pro-
cedure in such trials), differences in the average dynamometer
records of over 10 per cent. would have resulted, due to the
soil variations alone. It is apparent that in such a test no reliable
information would have been obtained as to the relative efficiency
of the different implements. In fact the relative order of the
implements would have been decided more by the chance of
which particular strips were allotted to them than by their innate
merits. The soil variations, fortunately, can be ascertained by
a previous experiment and allowed for in interpreting the final
results. Several years’ work at Rothamsted has also shown that
they do not vary from season to season. Those interested are
referred to my paper in the Journal of the Royal Agricultural
Society of England, 1925, for practical details as to how implement
trials and comparative tests should be'arranged.

In addition to the possibilities of draft reduction. by improved
design we must also consider another possibility of even more
direct economic importance. This is the question of increased
speed of operation. Our results have shown that, even with our
existing implements designed for work at speeds around 3 miles
per hour, very little increase in draft takes place for a most
appreciable increase in speed. In the case of ploughing, for
instance, an increase from 2} to 4} miles per hour requires only
an extra 7 per cent. pull on the ploungh. In tractor-ploughing
it 1s highly unlikely that the cost of the extra fuel needed to
sustain the 7 per cent. increase in the drawbar pull would be
anything like sufficient to outweigh the large saving of time by
ploughing at a 60 per cent. greater speed. The limit is set, of
course, by the extra fuel needed to propel the weight of the
tractor and by the increased wear and tear. Nevertheless, the
direct and indirect advantages of increased speed in all our
cultivation operations are of such supreme importance that an
advance in this direction is highly desirable. The only feasible
way is a greater use of mechanical power. There has already
been one successful example in the form of steam tackle, and
the tractor will, in my opinion, provide another, It is well to
remember that the tractor in agriculture is still in its infancy.
The first considerable use on British farms dates only from the
later stages of the war. With the passing of the abnormal war
conditions tractor cultivation declined, but recently there have
been encouraging signs of a return to favour. The machines

43



14 CULTIVATION

have greatly improved in simplicity and reliability, and, even in
their present early stage of development, their value for autumn
cultivations in both dry and wet weather and for spring work
has been conclusively shown. Nevertheless, we still have much
to learn in this new development. It is not simply a case of
substituting one form of haulage for another; there is a host of
concomitant problems in adapting implements and cultural methods
to the new conditions. Such straightforward questions as the
relative merits of deep cultivation and subsoiling still await
solution. Some experiments appear to show no advantage, while
others show a considerable benefit. Such divergent results are to
be expected until our knowledge of the physical effects produced
in the soil i1s extended.

The fundamental point to be borne in mind in all work of this
nature is that the form of power and the implements are only a
means to an end—the production of a suitable seed-bed for the
given crop, and the maintenance of appropriate soil conditions for
the plant over the whole of the growth period.

Our best hope of systematic advance is to pursue steadily
our investigations into the soil properties on which tilth depends
and, as opportunities offer, to test our conclusions by selecting
outstanding problems for practical field trials under a variety of
different conditions. It is essential for the progress of our work
that it should be critically reviewed from time to time by the
practical farmers, the implement- and tractor-makers, so that the
field trials may be designed to give the maximum practical
information to all concerned.

CULTIVATING THE CHALK & BRICK-
EARTH SOILS OF WEST SUSSEX

By H. DREWITT
Colworth Manor, Chichester

To a farmer the subject of this conference is his daily concern,
although perhaps he seldom tries to analyse the reasons for what
he does.

Modern cultivation of the soil may be said to have begun when
the common fields were enclosed and distributed among individual
cultivators, each of whom was then, for the first time, able to carry
out his own ideas on the subject without reference to what his
neighbours were doing. Up to about forty years ago the prepara-
tion of the soil was carried out with the same implements, improved
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in detail perhaps, as had been used for centuries; then came the
spring-tined cultivator, the disc harrow, and finally a machine of
moderate power to draw them—I mean, of course, the tractor.

To understand what the farmer aims at it is necessary to under-
stand why he directs his aim in the particular direction it takes, or,
in other words, why he grows the crops he does. The chalk soils
of the South Downs and the brick-earth of the plain between them
and the sea require very different management and cropping. The
soil overlying the chalk varies from patches of heavy clay, where
beans can be grown, to the thin white soil 3 or 4 in. thick,
where rabbits and stones are the only profitable products; but in
many of the little valleys and combes there are pockets of reddish
earth with a ragged flint, which are as highly esteemed for their
cropping powers as the brick-earth. All these varieties of the
chalk are easily worked with two horses, and although they dry
quickly, crops upon them will withstand a considerable drought, as
the chalk just below keeps the roots of the plant cool. These condi-
tions largely govern the crops grown and therefore the cultivations
made for them.

Wheat is not much grown ; where it is, great care must be taken
to consolidate properly the soil at seed-time and again after the
winter frosts are over. Where a breeding flock of sheep is kept,
they must have the first consideration ; therefore no chance must be
neglected to ensure the root crop being got in at the proper time.
The stubbles will be ploughed the first time as soon as the winter
catch crops are sown, ploughed again in early spring, worked to a
tilth, and then after ploughing and working a third time there
should be little difficmdty in getting a plant of swedes or rape to
stand, if care is taken to conserve the moisture while the seedling is
making its first roots. Of course a good down to feed the ewes on
is of the greatest assistance to the arable land, and although the sheep
for generations have been carrying away the fertility of the down
to the arable, it seems to make little difference to the grass. It is
difficult to see what future these chalk farms have; a very large
amount of capital is required to lay them to grass, fence and provide
a water supply. Considerable tracts of the downs have already
become covered with worthless bushes, thorns and brambles.

On the brick-earth of West Sussex practically any crop except
beans and hops can be grown sunccessfully ; there is a sufficient depth
of staple to conserve enough moisture to withstand almost any
drought. Nearly all of it can be worked with two horses, so long
as care is taken to avoid treading it when it is wet weather; in fact
we have a saying that we often get on faster by keeping the horses

in the stable than by letting them muddle the ground about when
it is wet,
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Formerly the four-course or Norfolk rotation was strictly
followed, now the aim seems to be to grow as few roots as pos-
sible ; hence it follows that a much smaller head of stock can be
carried, less capital is wanted, and a lower scale of production is
aimed at. If an outlet can be found for it, sugar-beet looks like
becoming a popular crop; Iooco acres were grown last year, and
4000 are promised for this season.

For wheat the land requires to be ploughed with two horses,
pressed, and harrowed about six times. Much of the seed is broad-
casted on a stale furrow ; it is rolled and sometimes harrowed in the
spring, the object being to get the ground thoroughly consolidated
round the root; for this reason bare fallows are not much liked, as
the land is left too light.

White winter oats frequently follow the wheat or, more rarely,
take its place. After this crop is off the long preparation for the root
crop comes. If time allows, the land is ploughed with two horses
or a tractor directly after harvest, then ploughed again in the winter
with two or three horses; the stale furrow is broken down in the
spring with cultivators and rollers, and, after the final ploughing,
is well worked to a fine tilth to get the seed well started—this is
the place in the rotation where the tractor with a disc harrow is of
the greatest assistance, enabling long hours to be worked to take
advantage of the most favourable opportunities. After the root
crops are fed off or removed the land is once ploughed, rolled and
disked, or rolled and harrowed and drilled with oats ; or, where fed
off, late sugar-beet may be put in.

When hard roads became general a former generation spent a
large amount of labour in chalking the brick-earths, very greatly to
their benefit ; as they lay within easy distance of the chalk formation
this work was thought to pay quite as well from the lessening of
the work to make a tilth as from the increase of crop. It was made
possible by the large number of horses kept to cope with the pres-
sure of spring work, for in those days four or five ploughings for
roots, with innumerable rollings and harrowings, were the rule. I
have here the tillage book made when my father entered my present
farm in 1870 ; there were 4 ploughings, 235 drags, 10 small harrows,
and 8 rolls to get a tilth for swedes, and this was in a dry season.

Another way to assist in promoting a tilth is to sow deep-rooted
crops; a clover ley ploughed after it has been down for two years
will generally work well, and my limited experience of sugar-beet
seems to indicate that the land usually works well after it.

While we owe a deep debt of gratitude to the agricultural
implement-makers for providing us with our present equipment, in
my case it is only a lively sense of favoursto come. What I want to
see is a machine which can be drawn by a tractor that will rapidly
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and thoroughly move the top 3 in. of soil directly after harvest to
start all the weed seeds growing. I want also a combined machine of
light draft which will cultivate, roll and harrow in one operation ; it
would be a miniature edition of the combined implement moved by
cable engines as used in Lincolnshire and Sussex. Finally, I want a
tractor which will not take half the power it develops to move itself
along and which will not consolidate the land—something like the
dragons which move and have their being at Aldershot, I mean.

ON THE LAND IN SOUTH-EAST

ESSEX

By J. STEEL
‘B urnawne, Rochford

Berore going into the cultivations for the various crops I should
like to draw your attention to the climate and the class of land I had
to work. The south-east of Essex is without doubt the driest
district in England, the rainfall hardly ever reaching 20 in.
The district was subject to long periods of drought in the spring
and summer, so spring cultivations had to be hurriedly carried out
if successful crops were to be produced. With the dry east winds
moisture evaporated quickly, making a good tilth difficult to get
unless you had a good command of power just when wanted.

The farms were situated on the north bank of the Roach, a
tidal river, with a geatle rise and facing south; land adjoining the
river was light, lying on sand and gravel, always dry, and could be
worked at any time of the year and producing early crops. The fields
on the rise were a better class, lying on various subsoils, and on top
of the rise it was gravelly and much given to burning in parts. A
narrow band of clay ran across the farm, and to get early cultivation I
had to do considerable draining, which was very successful, and let
me get on with work that without the drains would have delayed
getting 1n crops quite a fortnight owing to wet spots on every field.
Had I known, I might have used the mole-plough, which I ultimately
did in some fields with great success and at much less cost.

As a guide to system of working. The farms extended to 700
acres, about 400 arable, carrying a stock of 50 milk cows with fol-
lowers, 150 brecding ewes, and latterly 50 sows. All the land before
my tenure was farmed on the stitch; fields that were heavy I laid
down to grass and kept arable only what could be worked on the flat,
Cultivations were carried out with horses and tractors, and steam
tackle was always available on hire when wanted. Having been an
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engineer I was favourably placed for keeping down expense in tractor
repairs, this work all being done on the farm by myself and the
drivers. I found the men took a more intelligent interest when once
they learned to do the overhaul, and some of them turned out good
mechanics.

I will deal first with potatoes, as being the principal crop on the
farms. The stubbles got 15 loads of dung skimmed in with a two-
or three-furrow tractor plough, and in October or November steam-
ploughed and subsoiled, ploughing 10 in. and subsoiling 8 in. deep.
Some of this work had to be done in the spring, at the earliest
possible date in March as the weather suited : the autumn ploughing
and subsoiling I always preferred, as it made the spring cultivations
easy. When steamed in the spring the land ploughed whole and was
difficult to break down, unless the weather was very favourable, and
very often took the double of the work and never made such a fine
seed-bed for the potato crop. I used the subsoil only once in six
years ; when not subsoiling a balance-plough was used with three
horses or the tractor. The spring cultivations, before planting under
ordinary circumstances, were set folding harrows, or disc, then cul-
tivated both ways, set of harrows, open the land with double furrow
combined manure-drill, sowing 8 cwt.artificial manure, planting—with
eight women—ont of chitting boxes, or bags if late variety, then
covering with single baulker and doing 4 acres per day. I had a
special two-wheel trolly for carrying the potato boxes in front of
planters, the wheel shod divided to straddle the drills or baulks so
that the land was not kneaded down where the potatoes were planted.
Before the potatoes came up the drills were harrowed down, then a
cultivator run along the rows, doing three rows at a time, hand-hoed,
cultivated again, sometimes twice, according to the state of the land,
then half moulded by cultivator with breasts, three rows at 2 time,
and the final moulding by single baulker before the tops were met
in the rows. My opinion is, in growing potatoes you must do your
deep cultivations before planting ; once planted you have done the
deed, and no cultivations will ever get your land in condition for a
successful crop. I have tried deep broadsharing, skimming after
planting, but to me, on the land I had to deal with, it did more
harm than good.

Wheat followed potato crops and clover leys, ploughed 5 or 6 in.
deep. I always insisted on the ploughmen setting up the furrows
when ploughing ; it was an eyesore to me to see furrows flopped
on their back ; it makes the land easier to harrow and is drier right
through the winter. The depth of the furrow is the guide to the
width. Land ploughed well does not cap in the spring. If you have
something on top you want buried then use a skim. Clover ley I
balance-plough 6 in. deep. A set of harrows in front, a light set
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behind, should be ample to prepare and cover the wheat when
drilled. In the spring a ring roll, with a heavy set of harrows fixed
behind, pulled by a light tractor both ways, should be all that is
required. If you are pushed for time, from daylight to dark you
should cover 30 acres; it would take many horses to do that in
one day. When clover is drilled 1 horse-hoe the rows. Barley I
mostly put in after wheat or oats, using a broadshear or cultivator
to clean the stubble and spear the fallen grain, then plough as for
wheat, drilling in October or November with a dressing of § cwt.
Liebig’s manure ; this produced 6 to 8 qrs. of good malting barley.
Spring sowing never produced the quarters nor the sample on my
land. I used Plumage Archers. The barley was generally my best
paying crop. It was many years before I learned the value of
autumn-sown barley.

Oats I put in, about half Grey Winter, drilled in September, and
Abundance in the spring, drilling end of January or beginning of
February ; if later than the middle of March they were generally a
failure—the weather got too dry and they bottled. After early
potatoes I drilled rye in first week of August for feeding my ewes
and lambs in February, when it was generally a foot high and bhad
to be finished by the 1st of April or it ran to seed; this land was
balance-ploughed, and put in with kohlrabi and mangel in April
without manure, as the sheep were heavily fed for fat lambs to go to
market at Easter. My‘light land near the river mostly produced
three crops in two years. Mangel I gave up growing three years
ago, unless a few for the sheep when feeding the rye. They be-
came too expensive to grow to feed the dairy cows. I put the
water before the cow® ; that cost me nothing, and the average yield
of milk went up from 700 to 1000 gallons. Still I have no doubt
they had a little extra meal.

If I had a field that wanted cleaning I put in tares and oats in
the early autumn and either fed off with sheep or made it into hay,
steamed it up with the cultivator, and followed with kohlrabi seed or
turnips and fed off with sheep. I found this just as good as a fallow,
and the crops paid for the work.

When I first started farming in Essex my expenses for plough-
shares was a serious item to one who had not a penny to spare.
consulted an expert plough agent from the North, stating the stony
nature of my land and the cost of shares—from 2s. to §s. per acre for
ploughing. He sent me on trial a chill digging plough with rever-
sible points and shares, that reduced my costs of ploughing irons from
shillings down to one or twopence per acre. The plough did better
work, was easier to draw, and I never used any other ploughs till the
tractor-plough came on the market.

In the last few years the tractors did practically all the ploughing,
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cultivating, rolling, harrowing, and cut most of the harvest. They
pulled all the potatoes from the fields to the road for loading on the
motor-lorry. I had a contract for delivery by motor-lorry to market
or station at a price no horse-labour could touch. My horse-power
was reduced by half and I always had the work well in band. If you
have heavy and deep cultivations to do, always get the steam tackle;
you will only strain your tractors and make half a job. Never ask a
tractor to take more than a comfortable load, and then you will find
its capacity for work will more than satisfy any farmer. I have seen
land in Lincolnshire, and even in south-east Essex, where you could
put in a crop with little effort, shut the gate, and return in the
autumn and get a rich reward. Lucky farmers who have it. But the
great bulk of the land will not produce of its best without somebody
sweating. I have tried to cheat the land of its cultivations when I
was pressed for time, with the result I was poorer and sadder, but
I hope a little wiser.

It takes a lifetime to learn the little one knows.

I have given you a rough outline of the cultivations in the
district. No farmer can tell his neighbour exactly what cultiva-
tions will be needed to put a field in condition for a crop. The
land varies from field to field, from farm to farm, and year to
year. No book can give the information, yet something tells you
after long experience and close attention to the weather conditions
what implements to use, and when and HOw, to get the desired
result.

Now I will tell you a story that has nothing to do with cultivations.
In the dry summer of 1921 I had a 15-acre field named Stoneylayes,
with white clover for sheep-feed. As the name suggests, it was the
worst arable field I had on the farm and the crops that came off it
were often in debt. The shepherd had the folds set, and the day
before they were to be put on I chanced to go into the field, and
finding it very forward and coming into flower it struck me it would
be of little use for the flock as feed and might be of more value for
seed. When I told the shepherd (feed was scarce) my intentions, I
have seldom seen a more angry man. I cut the seed, but it was so
short it had to be thrashed in the field. 1 had even to hand-rake it to
gather the heads. I showed a sample to a merchant, who asked me
to send it on at once to fill an order for New Zealand. When dressed
Dy his machine the sample was very fine, and yielded over 9 bushels
per acre. The sheep-feed value could not have improved my flock
£ 50. When the cheque came from the merchant, that wretched
poor field gave me a profit within a few pounds of £500! A bee-
keeper, just before the clover came into flower, put a strong hive
of bees in the corner of the field, and in the short time it was in
bloom gathered 1 cwt. of honey. ' I wonder if the scientific staff of
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Rothamsted could tell me how much I was indebted to these
busy little creatures for such a bumper crop of seed.

Never despair. You never know where golden treasure may be
hiding, but keep your eyes open lest you miss it.

CULTIVATION OPERATIONS ON
THE YORKSHIRE WOLDS

By J. H. SPILMAN
Gardham Farm, Beverley

IT is only with the very greatest of misgivings that I venture to
address you this afternoon. I am very far from considering myself
either an authority on cultivation or yet a public speaker, and I must
ask you to deal leniently with me as ‘“a first offender.”

It bas been said that the best speakers arealways the worst farmers,
so I shall not trouble you with any further apologies, except to say that
my only excuse for addressing you at all is a sense of gratitude for
the help and assistance I have for many years received from Sir
John Russell. Much as I appreciate the honour of addressing you,
I should have hesitated to take advantage of the opportunity so
kindly extended to me had it not been for a feeling of indebtedness
and a desire to try to show my appreciation, if ogly in a very small
and inadequate way.

I need perhaps only add, in justification of my presence here,
that any informationd may be able to give you is the outcome of a
lifelong experience in the district of which I speak, farming on both
light wold land and on heavy warp alongside the Humber Estuary. -

The remarks which I am about to make apply to the East
Yorkshire Wolds, which, for the most part, consist of only some
4 in. of soil overlying the chalk. There is considerable variation
in the texture of this soil and there are at least three different types.
The first contains a large proportion of small loose flints, and whilst
spoken of as light land is nevertheless very heavy on implements in
wear and tear. The best types of barley land are, however, those on
which what we call chalk grits are freely mingled with the soil;
while the third type, free of both flint and grits, is, contrary to
what might be expected, generally the poorest of the three—so
much so in fact that it is often referred to as ‘“ deaf” land. Such
land as I am speaking of is generally farmed on the four-course
system, the most favoured rotation being Roots, Barley, Seeds,
Wheat or Oats. On some of the heavier lands at the foot of the
Wolds a five-course system is often adopted, a second white crop
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being taken, with the assistance of artificial manure, after the
wheat.

Before going any further it would perhaps be as well to point
out that it is quite common for farms on such land as I am speaking
of to run up to 600, 700, 800 and even 1000 acres, practically all
of which is under the plough, pasture grasses being practically un-
met with. It is on such land that sheep supply the keynote to the
whole system followed, and the old axiom has it that a sheep to the
acre is an essential to good farming. Cattle, which play a necessary
part, are bought in in the autumn and wintered in the yards, where
they are fattened and sold in the spring, often, unfortunately, at a
very considerable loss in these days.

Throughout the winter the sheep are folded and fattened on
the turnips, the treading and manuring which the land thus
receives being a very essential feature of the rotation; it is on
such land that the value of the golden hoof has probably its
deepest meaning and significance. The manure left in the yards
by the cattle is carted on to the land for the root crop, the
greater part of which is generally swedes, which are also given
a dressing of perhaps 3 cwt. of bones and 3 cwt. of superphosphate
or other phosphatic manure. There is a common impression that
bones in a dry form are preferable to dissolved bones or finer
forms of bone-meal, the prevalent idea being that the decomposition
of the bones is hastened and controlled by the amount of chalk
in the soil, the coarser forms of bone manure consequently leaving
a greater residue, which acts beneficially on the following barley
crop. Some of you may perhaps be able to enlarge on the
scientific aspects of that suggestion.

When manuring follows the lines I have just outlined, it is not
as a rule found necessary to introduce any further artificials in such
a rotation as I am speaking of, though a spring top-dressing may
of course at times be found necessary for a backward corn crop.

Turning to the rotation as outlined, we are commencing with
a bare fallow in preparation for roots in the form of swedes,
white turnips and perhaps a few mangel.

When harvest is early and any part of the land is full of
couch grass, or, as it is termed in Yorkshire, ¢ Wicks,” we
plough over lightly and work the land down so that the fallow
harrows will pull out the grass, which is rolled into heaps by
a Parmiter harrow or a chain harrow, the rubbish being then
loaded into carts and tipped into one huge heap and burnt, or
in some cases raked into small heaps and burnt without carting;
but I prefer one large heap, because the ash, when laid a year,
is most useful to mix the artificial manures with, and when drilled
with the seed helps it to germinate very much better.
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It might perhaps be as well here to explain that the method
of sowing turnip seeds, almost universally followed, is by means
of a drill known locally as a ¢ Kirby Moorside,” which combines
the two operations of drilling and manure-distributing in one.

After the rubbish is heaped up and burnt the land should be
ploughed over and left until mid-winter, when, if it is still dry
enough, or slightly frozen, it should be again ploughed, thus
leaving all weeds such as buttercups and the short couch grass
to be more easily worked out in the spring.

Before the war it was customary to row and manure with
farmyard dung, which had been in a hill for some time, all the
land required for swedes, and to sow the soft turnips on the level ;
but now the greater quantity of roots are drilled on the level
on account of the saving of labour and time, and by getting
more rows to the acre quite as much weight is secured, but the
individual roots are not so large.

In a very dry season there is a custom in Yorkshire which
has proved successful—that is, to only top-work the land in the
spring and, just previous to sowing the swedes, to manure with
well-rotted dung and instead of ploughing in to drill the seed
amongst the manure and follow with harrows only, thus saving
the turning up of the soil and the consequent loss of moisture.

Plumage is the favourite barley at the present time in the
East Riding, followed by Plumage Archer, but the last two or
three seasons have not favoured the growing of best malting
barley in that district, the cause being unfavourable weather at
a particular period, possibly a slight frost at ripening time.

During the wary tractors were used a great deal for the
preparation of the root land, but since the price of horses and
oats have fallen so much, it is found cheaper to depend upon
the latter, except in very busy seasons and dry periods.

After the turnips have been eaten on by sheep, to which oil-cake
and corn have been given, the land is ploughed very lightly ; in fact
there is a saying in the East Riding that ¢ the more baulks the
more barley,” signifying that the lighter the ploughing the better.
I perhaps should say here that the clovers are sown along with the
barley, and they are usually the best plant where sown early.
Frost does not appear to injure the young plant, and they get estab-
lished before the long dry days. The custom in regard to grazing
seeds is to sow rye-grass (Italian) upon half the land, the other half
being sown with clovers only, and at the end of the four years the
seeding is reversed, so that wheat follows the clovers and oats the
rye-grass.

Very little clover or grass is cut for hay upon the Wolds, both
usually being grazed by sheep and cattle, so that fog or aftermath
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1s very scarce; and thousand-headed kale, rape and mustard are
usually sown for the first eating, followed by a break of beefheart
or early mammoth turnips.

This being a period (August) when the lambs are difficult to
manage, the best and safest food is early turnips, even if a few have
run to seed.

After the clovers have been summer-grazed, half are sown with
Little Joss Wheat, the land being ploughed with double-furrowed
ploughs, harrowed down and drilled at the rate of 3 bushels per
acre early on, and increasing the quantity as the season becomes
advanced ; if the land is wet enough, 1st October is the time to
commence.

Should the weather be very unsettled, the press-drill is used, so
that all may be kept worked close up to the plough. The remaining
old seeds are useful to run the ewes on when the turnip land is extra
dirty, where they are usually folded behind the hoggs. The hoggs
are folded in front of the ewes and given the first bite of the turnips,
which the following ewes eat down and clean up. The greater
number of ewes the more quickly the ground is travelled over,
which is of considerable advantage to the hoggs and brings them to
market at an earlier date than when left for any considerable time
on any one fold. ;

In the large folds of sheep it is now customary to use a com-
bined petrol-engine and turnip-cutter, which greatly assists in getting
the sheep quickly fed.

About January the rye-grass seeds are ploughed and pressed,
double-furrow ploughs being used and three horses to a plough, or
the seeds are left until early February, and should the weather be
open they are press-drilled, preferably with Goldfinder oats; but
should the season be later for any reason, an earlier oat such as
Abundance or Victory should be sown, and the surface well rolled
to ensure solidity, as it is very seldom old seeds are solid enough,
particularly when containing rye-grass.

I mentioned earlier that the deeper Wold land or land at the
toot of the Wolds is farmed on the five-course system, where sugar-
beet, potatoes and beans are grown, but the four-course is con-
sidered to be the cheaper way and less labour is required, the land
being automatically kept clean by the quick recurrence of the fallow
OT TOOt Crop. ‘

Having endeavoured to give you some indication of the methods
followed on the Yorkshire Wolds, it will hardly be necessary for
me to point out that the Wold farmer is at present going through
a very trying time, with his necessarily heavy labour bill and fat
sheep, cattle and barley as his main sources of income. He has to
seek consolation in such remarks as those of Mr H. German, an



CUOLTIVATION 25

ex-President of the National Farmers’ Union, who, after an
extensive tour of the district last spring, stated publicly that he
was prepared to go into any county in England and say that

nowhere had he seen land better farmed than on the Wolds of
East Yorkshire.

SPRING CULTIVATIONS IN

THE WEST
By J. JOYCE

Preston Bowyer, Milverton, Somerset -

In the successful cultivation of a farm no idea can be entertained
of cultivating it intermittingly, spasmodically, or as an off-and-on
business.

The farmer’s watchfulness, attention and desire to do what is
needful to be done must constitute a continuous weight of
respﬂnsibility on the mind. To do the right thing in the right
time, or as near to that time as possible, involves keen persnnal

watchfulness of every ﬂperatmn for every crop, and that attention
must be unceasing.

The novel, Sussex Gorse, by Sheila Kaye-Smith, which I
read a year or two ago, if stripped of its slight exaggeration
describes truthfully, I think, what takes place in the life of a
successful cultivator of the soil. His care and love for the farm
and the continuous pressing forward with the work even when
things look their worst is a good description of his life’s work.

Spring Cultivations in the West must mean, I take it, cultivations
applied to the soil by farmers in the West of England from after
Christmas each year until the late summer.

Taking over from the autumn in describing spring cultivations,
no matter whether in the east or in the west, it must be taken for
granted that the prévious autumn cultivations on the farm have
been attended to and that we take over in January, say, lands
that have been properly managed during the previous four or
five months. We must assume, for instance, on the heavier land,
that that portion of it which has not been planted in the autumn
and which is intended for spring crops has been ploughed up
rough and deep, so that the hoped-for frost and thaw have what
we call ““ weathered ” this exposed soil and rendered it amenable,

with a very little scratching, to the production of a fine tilth and
an ashy surface.
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We must also assume that on the lighter soils, apart from those
portions that are in to “leys,” root ground seeds and catch crops—
and by ““catch crops” I mean trifolium, trefoil, vetches, rye, etc.
—that those fields which were not clean enough to be thus seeded
out the previous spring or last autumn after cleaning—that these
also should have been ploughed up, like the heavy lands, in the
late autumn or winter, ready for cleaning in the spring or summer.

Oly'fff.r

The main objects of cultivation are :

To so thoroughly move the entire soil to such a depth that
the rootlets growing out of the seed sown or out of the plants
inserted will readily and freely be able to penetrate round them,
below them and above them, and so be easily able to acquire the
nourishment they need, or at any rate to get at what nounrishment
that particular soil contains for them.

To so pulverize the soil thoroughly and deeply as to leave
no hard places in it, but rendering it consistently all alike down
to a sufficient depth, so as to increase its powers for the absorption
of moisture, and for the retention of that moisture for a good long
period in the dry weather.

This stirring and mixing also equalizes and distributes the plant
food in the soil, and by hoeing, spudding and other operations to
destroy the weeds injurious to plants.

Cereal Crops \/

We will take, first, the spring cereal crops and the cultiva-
tions necessary and helpful to them—cereals such as oats, barley,
dredge corn, tares or vetches, etc.

Returning first to our heavy land again, where it has been
ploughed and ¢ weathered” by the frosts and thaws. Provided
that such natural events have happened to them, and that the
month of March is also a genial one—dry, with a few showers—
these lands are as easily cultivated for spring cereals as any land
you could wish for, but, of course, provided these things have
happened.

We just harrow the furrows the same way as it was ploughed,
with sharp-tined harrows, and then harrow crossways with the
same; we apply, perhaps, a spring tooth harrow a little deeper
but not too deeply, then another harrow in front of the drill
and a harrow after, and generally we should have a good seed-bed.

On the lighter loams and more friable soils such as the “leys,”
and where the trefoil or other catch crops were growing, these
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should be ploughed down, and in doing so, all that which was
on the top should be turned well underneath. And in the West
.-we have come to use for these light soils the turn-over or one-
way plough, either with a digger plate or the longer broadside,
and we also use the spiner.

Personally, I use a digger plate always, for everything, and never
change them, except for new ones, and nearly always use the spiner.

This ploughing should be performed during the months of
January and February. Then in late February and March oppor-
tunities in the weather are waited for, and all available teams and
horses are out to till the best lands first, the poorer lands a little
later ; and I may say here that the poorer our land is in heart, or
the more deficient it is in residual manures, the more particular we
must be in the cultivation, and an ideal seed-bed must be secured in
order to grow a crop.

Conversely, the saying exists in the West that a farmer whose
land is in tiptop condition and fertility may cultivate and drill his
land when he likes and how he likes, and still will grow a good
crop. This is not altogether true ; but what is true in it is that crops
in land which is in good heart will get over difficulties much more
easily than those on poor land. But I still hold that no matter how
good a condition the Iand is in, the best that is known suitable for
that soil and crop should always be done to it. Although a farmer
may get what looks to be a good crop on good land in good heart
put in badly, yet it may not be a good crop to him ; and there is always
this unknown factor, What would that crop have been had it been
put in in first-class condition ?

There is an old saying, and a true one, * Better to be out of time
than be out of tune.” Better to be late and the crop put in well than
to be early and the crop put in badly.

With all spring cereal crops, at the time of drilling the seed
the soil should be fine, loose, and well mixed, so that one can easily
drag one’s toe along the soil to a depth nearly up to the instep, and,
if called upon, be able to drag it from one end of the field to the
other without coming across any entanglements, hard places, bulges
or lumps. What I generally do on entering a field just ready to
be tilled is to search for the worst places and try dragging along my
toe there, and if my foot will not go easily, then the soil of that
field is not fit to take the crop, and further cultivations must be
transacted to make it answer this test.
~ On the land where roots have been during the autumn and

winter, and these have been folded down with sheep, there has
always been a contention as to what depth this land should be
ploughed for spring oats and barley.

Now if the land is otherwise poor except for this crop of roots
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which has been grown, and the manure resulting from the same, I
have no doubt, to get as much back again as possible in the coming
cereal crop, it would be wise, perhaps, to plough only 4 or § in.
deep, work it with implements at that depth, render it loose and
fine, and put in the crop. But where the land is in good heart, and
has been previously well managed and farmed, and the soil will allow
of it, I prefer the deep ploughing—about 7 or 8 in. even here ; mix it
all up together, get the soil evenly fine and loose, 6 in. deep, and put
in the crop. Now the cereals are in. The only thing that remains
to be done to this soil if the weather keeps fine is, before the grain
appears above ground, to give it another harrowing, and when
it has appeared, and got well up and strong in the blade, we then
put in the seeds in the land that has previously been to roots, or in
the land that is in rotation for seeds, clover seeds, etc., for hay
fourteen months after; while in the remaining part that is not in-
tended for hay the year after the corn is harvested, and yet is free
from couch, we seed out in the corn trefgil, at the rate of about
12 lb. an acre without Ttalian, and 8 to 10 lb. an acre with about
I peck of Italian.

Cultivations for the seed, provided the corn was put in as de-
scribed, would be a light roll, sow the seed, then drag light seed
harrows or chain harrows over to cover—for the seed should be only
just covered—then roll with a rather heavier roller.

Mangold Crops

Probably the cultivation of beet is similar to that of mangolds,
but my experience of beet-growing has been for only three years,
and I feel I may have much to learn respecting it.

I maintain that where either mangels or beet are grown, to save
expensive hauling, both of the farmyard manure for these crops and
also hauling away the roots when grown, a course of cropping should
be adopted, and a long-sighted plan should be made for the growth
of these crops, so as to save as much long-distance cartage as possible.
That would mean that a certain number of fields or parts of fields
should be selected near a good road if possible, and also not too far
from the buildings where the manure is made; and as mangolds can
be grown often on the same land, much economy of labour and
expense can be afforded by this sort of long planning.

Personally, I have six fields, all of them abutting on to a good
highway—rthree on one side and three on the other of it—on to which
the dung can be carted up in a heap at any time there is to spare.
At a place where these six fields converge we place our mangold
clamp every year. It is a fairly long clamp to the inside of the road
hedge, and we have three gates leading from the road to this clamp—
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one at the far end of the clamp, one at the near end, and one in the
middle—and thus we have a hard road to most of the mangold clamp
for the purpose of carting the roots both on #o iz and out of it, and
also the dung for them earlier.

The mangold crop is usually taken in the West after a cereal
crop the previous year, although some farmers lately have come
to put them in after swedes or kale, fed off late in the spring.

Personally, on a loam fairly light, I grow the mangolds every
year after a catch crop of early trifolium and vetches mixed. This
trifolium and vetches is the first crop to be tilled the previous
August. After the corn is carried, the field is skim-ploughed
and rubbed out fine with chain harrows, early trifolium sowed
in at the rate of 20 Ib. an acre and 1 to 2 pecks of vetches
broadcasted by hand. The stubble and any weeds that were
rubbed out by the chain harrows are ignored while seeding, then
when dry flung about over the surface plant of trifolium. This
trifolium crop is begun to be folded about the middle of April.
The farmyard manure, which has been carted out in a heap all
ready during the winter, is put on it as the sheep leave the folds,
and dunging and ploughing about 8 in. deep is kept up to the
hurdles with the one-way plough. Part of the field is put in to
mangolds about the 7th or 8th of May. The sheep generally
have finished and come out on the Ioth or 12th May, and the
remaining part of the field is got in by the 15th or 16th May.

Those who put their mangolds in after their last pieces of swedes
are folded off treat the soil for mangolds in much the same way
as I do after the catch crops which I have described.

In a very dry sprinly, possibly, the mangolds after swedes or
kale, or after a winter fallow, would start away a little faster
than after the trifoliom and vetches, though for thirty years I
have followed the other course and never failed to have a fair
crop of mangels or a good one.

On heavy land it is very necessary to plough down the dung
deeply in late autumn or early winter, and allow the frost, and
thaw after, to pulverize it; and I notice the best managers on
this kind of land do not give it a lot of spring cultivation, except
with the sharp-tined harrows, to get an even, fine surface at a
depth of 2 or 3 in., and they generally put in the mangolds at
the end of April or just the beginning of May.

With the loams and lighter soils, other than after the catch
and swede crops that I have described, the dung may be ploughed
down later in the winter or spring, but the ploughing should
be as deep as the soil will admit of, up to 8 or 9.in., both where
there has been a catch crop and where not. And I like a good deal
of stirring and mixing, gradually rising in depth with the implements
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to finally shallow harrowing and rolling, and this leaves a fine,
loose tilth for 2 or 3 in. only on the top, with the remainder
of the 8 in. of soil gradually tightening as it goes down. This
can be accomplished by first loosening and mixing the soil as
deep as one can without pulling up too much manure in the
earlier workings, and with the treading of the horses, and the
harrowing and rolling later, this firmness in the bottom and
fineness and looseness on top may generally be accomplished.

We drill the mangold and beet crop with drills 18 in. apart,
putting in plenty of seed. A harrow over after the drill completes
the process of planting. |

The Swede and Turnip Crop

In the far west counties—Somerset, Devon and Cornwall—
swedes are not planted until June, and in my immediate neighbour-
hood, and the red soil from Taunton down to Exeter and below,
not generally until nearly midsummer. Common turnips follow in
July.

First-class feeding for ewes and lambs in the spring can be
got with mixed swedes and kale planted as late as the 10oth July,
and this date is about the ideal time for turnips if they are not
required early in the autumn.

We need not deal with these crops on heavy land, for they
are seldom planted in it. On the lighter soils, where the climate
is good, early and late trifolium and vetches are often grown as
catch crops in the same year previous to these root crops.
Personally, I grow mangolds after trifolium, beet after trefoil,
swedes and kale after trifolium and winter vetches, and common
turnips after vetches and rape sown in the early spring, keeping
the whole of the land constantly cropped.

In order to grow roots successfully after catch crops—that is,
the two crops in the one year—it is necessary for the plough to
follow tightly up to the sheep-folding, and that all the machinery,
horses and man power be kept up to the mark ; and the farmer
himself must be able to ** catch™ opportunities as they occur, and
the land must never be allowed to be foul, although with these
crops always growing it is difficult for the farmer to boast absolute
immunity from couch.

In the hill country and less favourable climates in the West,
where catch crops are not suitable, swedes and kale and turnips
are grown after a corn crop has been taken the previous year,
with the errish.ploughed in the autumn, the land allowed to lie
during the winter, and cross-ploughing taking place as early as
possible after the cereals in the other lands have been put in
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and teams are available; then after cross-ploughing thorough
cleaning of the couch and other weeds takes place, and the land
is ploughed often two or three times more, the last ploughing
taking place in June for swedes, and the end of june or July
for turnips.

This constitutes a thorough pulverization and cleaning of the
swedes and turnip land on the hills where a five-course system is
generally adopted, and with two years down to temporary grasses
and one year to roots and two to corn.

Weeds and their Eradication, etc.

I now deal with the third object of cultivation. A maximum
crop cannot be grown on any land encumbered with weeds, so that
the killing and clearance of them is absolutely necessary and must
be proceeded with. They cannot, as the Scriptures say, be allowed
to grow together till harvest.

With the crops that are drilled, such as the root crops, we use
the horse-hoe and the hand-hoe, which not only kills these weeds,
but also moves and aerates the soil ; and the old saying is that the
more the roots are pulled about the faster they grow, and the soil
also seems better able to retain the moisture in a dry time with
plenty of early hoeings.

Corn crops are often pestered with thistles, dock weeds, poppies,
wild oats and the charlock plant, and many other smaller weeds of
less consequence.

Thistles, if not cut out and fought with, will greatly lessen any
crop. I have found thé best way to tackle the common thistle in
arable land is by constant deep ploughing for all the crops, and
then most of them will disappear in time. One never sees the
best farmers with a large amount of thistles growing, and it is
to this one thing that I principally attribute their disappearance :
most good farmers plough and cultivate deeply, or as deep as
their soil will admit. My father impressed on me that neither
thistles nor coltsfoot could live long on the same farm with a
good farmer.

Charlock. I maintain that it is not economy to grow charlock
and crops together, even in cereal crops. For myself, if I had now
a charlock field—and I had over 20 acres thirty years ago where
charlock was as thick as the corn—I should decide on one of two
courses : either to get rid of the charlock, or lay down the land to
grass.

Charlock can be got rid of, and it will pay for ridding, if arable
crops are persisted with ; and the same man who gets rid of it will
never allow it to get back again, but another man may who comes
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after him and who has not seen the successful fight which caused
its disappearance.

Docks, of course, are not difficult on most lands, but they need
hand-digging and pulling, and to clear them there must be rigid
picking after the plough and harrows. The easiest weeds to destroy,
I am told, are widow’s weeds, for a man has only to say, “ Wilt
thou ?” and they generally wilt.

There are other weeds to contend with, but my time is gone,
and there may be questions which I shall be delighted to answer.
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THE DISCUSSION

Sir DanieL Havrw, in opening the proceedings, said that the business
of cultivation ranks as one of the most pressing economic problems
of agriculture. _

The methods and systems in use at the present time are for the
most part closely related to those which were existing in the middle
of the eighteenth century. Given plenty of cheap labour these
methods may be effective in producing good and profitable crops,
but when the cost of labour is high in relation to the value of the
produce, the profit coming to the farmer from the use of them is
seriously diminished. In 1750, when our methods of cultivation
were systematized in their present form, the wages of a full-grown
agricultural labourer were about 7s. per week. At the same time
the price of wheat was from 5os. to 60s. per quarter.

Putting the wages in terms of wheat, one quarter would pay
one man for seven or eight weeks’ work.

In July 1927 the price of wheat was about the same (50s. to 60s.),
but the price of labour was very different, and one quarter of wheat
would pay one man for about ten days only.

It is obvious that where such changes of economic balance have
occurred, readjustments of farming methods must be considered,
and a great problem which arable farmers have to face at present
is that of remoulding their practice to suit a period of dear labour

and cheap produce.

B

Mr J. R. Bonp, in congratulating Sir John Russell on arranging
a conference of such wide interest, remarked that cultivation was
undoubtedly the most costly single item which appeared in the
budget of an arable farmer, and it was in all probability the one on
which he had the least detailed information. From the papers which
had just been read one could not help arriving at the conclusion
that the actual principles of cultivation have not as yet been arrived
at, for what one farmer laid down as essential, another immediately
contradicted.

As an example of the chaos of principle which exists he called
the attention of the meeting to the fact that most farmers use im-
plements of compression (rollers, etc.) on their land, whereas
gardeners and allotment-holders avoid compression at all costs, even
laying down boards on the soil to walk on.

Mr H. Inskip said that during the course of the conference it
had been stated that deep ploughing was an essential.
Speaking from many years’ experience on his own land (light
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loam), he entirely agreed with this principle, and would even go
so far as to say that nine out of ten farmers do not plough deep
enough. In answer to a question relating to the depth of his
ploughing, Mr Inskip replied that he ‘¢ varied in depth from 12 to
15 in. with a furrow 15 in. wide.” He obtained this with a “ Single "
Furrow Oliver Plough,” drawn by a Fordson tractor.

Deeply ploughed land stood the drought well, and one only had
to consider the cultivation given for such plants as sweet-peas, which
involved deep trenching, in order to realize that on some lands the
principle of making the crops search downwards for their food and
water could be used with profit.

Mr W. HasLeR, whose land embraced the heavy clays of Essex,
stressed the present cost of production coupled with the low price
of the products. He thought that there had never been a more
pressing need for a reduction in the cost of cultivation operations
than at the present time.

The problem of deep ploughing was one which, in his opinion,
needed careful consideration; for should the ploughing be too
bold, the ultimate result would be the laying on the surface of the
field a large amount of useless soil. This applied especially to
steam-ploughing ; and the depth at which the plough was to be set,
when such tackle was used, was one which only the farmer with a
full knowledge of his field could answer.

Mr J. G. STewarT stated that he had been very interested in
the results obtained from the experiments in Rotary Cultivation.
He was of the opinion that more beneficial results would have been
obtained on a different soil.

In the south of England one of the most difficult operations
to perform was that of obtaining a level crop with all under-sown
‘““seeds.” The headlands and the portions of the field by gate-
ways invariably showed a good crop. In mid-field, however, the
result was inclined to be thin. Mr Stewart put forward the idea
that this difference might be accounted for by the fact that the head-
lands, having had more traffic on them, would naturally be more
compressed, and the “seeds” would therefore be only very lightly
covered, but at the same time would rest on a2 moist bed ; whereas
in the centre of the field they would most certainly be sown deeper,
and on a looser bed. It seems therefore that there is a general
tendency to cover seeds too deeply.

In drawing attention to the many multiple and labour-saving
agricultural implements which were in everyday use in America
Mr Stewart remarked that he rather thought they were ¢ children
of necessity, rather than of perfection,” and were the outcome of an
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endeavour to cultivate and harvest immense areas with the minimum
amount of man labour.

Substitution of crops might in some cases save labour, and kale
was perhaps to be preferred to turnips, since there was a definite
saving of labour in the cultivation of the crop.

Mr J. H. SepiLman did not agree with the last speaker (Mr
Stewart), and said that, in his opinion, there was not a crop which
keeps the sheep so long on the land as that of turnips.

On the Wolds the practice of growing turnips for sheep-
feed, in preference to kale, was almost universal. He supposed
that the reasons were, first, that turnips did not exhaust the land
so much as kale, and secondly, that the crop went further. In his
district they reckoned that one acre of turnips would winter ten
sheep.

The sowing of turnips was performed mainly by the use of the
¢« Kirby Moorside” drill——an implement which sowed the seed
and manure in one operation, and therefore effected a considerable
saving of man- and horse-power.

Mr SuorteEN (Howard & Son, Bedford) said that it was only
natural that his firm should take a very keen and live interest in this
conference, for it was their business to manufacture the implements
of cultivation required by the farmer, and if possible to embody
their own experiences coupled with the results of soil cultivation as
carried out by the scientific investigator, in order to produce better,
and perhaps more economic, instruments. Mr Shorten held the
opinion that the mofe modern implements which were now avail-
able for the farmer were not being used to full advantage, and that
a great improvement in the destruction of many weeds could be
brought about by the use of modern and correct cultivation imple-
ments at the same time that adequate tilths were being obtained.

Mr W. Lawson admitted that in certain parts of the country
improvements might be made in relation to the destruction of weeds
by using modern machinery. In the south of England, where
weeds grew all the year round, the problem was one of great
difficulty.

Speaking of the depth of ploughing, he said that, as far as his
experience went, it was a question which the soil on the particular
field answered for itself. He believed that good cultivation always
meant an enormous amount of cultivation, and that at the present
time the subject had to be viewed from two different angles. In
the first place there was the matter of cultivation as viewed academic-
ally and fundamentally. Taking this view, it appeared that we
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know very little of the underlying principles of the operations which
we perform, and that there is a very large field for fundamental
research in the matter. In the second view the economic balance
between cost and return had to be considered, and he thought that
there is a very excellent opportunity for the use and popularization
of both labour-saving crops (such as kale) and machinery.

Mr J. W. CorLes (Caterpillar Tractors) said that he had some-
times heard the merits of various tractors being discussed in terms
of speed. Speed was not an essential factor in the manufacture of
an agricultural tractor. What was required in such an implement
was reliability. A machine which was slow, but could be relied
upon to give steady and reliable work, was worth far more than
one which covered the ground at a great speed, but at uncertain
times. One of the difficulties that makers of the more powerful
tractors meet with at present is the dearth of implements suitable
to really deep ploughing and subsoiling, and he thought that there
was room for a good deal of practical research.

Mr J. Porter remarked that drainage is very often the fore-
runner of cultivation, and as an instance quoted some of the heavy soils
in Buckinghamshire, where four horses and two men were required
for a single-plough team. In many of the cases cultivation would
be rendered far more easy if the draining and liming were first
attended to. - Another fact of topical interest bearing on the same
point—of the necessity for adequate drainage if good tilth is to be
obtained—is found in the preference shown by the Eastern Counties
farmers for ridge as against flat sowing for sugar-beet.

Sir Joun RussiLL, in summing up the discussion, expressed his
thanks to all the speakers, and mentioned that this was the fifth
of the Rothamsted Conferences, and from the interest which had
been taken in this and the previous ones it was evident that they
were fulfilling the objects for which they were started.

Referring to the discussion which had just taken place, he
said that the three chief objects of culrivation were :

(1) Preparation of the seed-bed.
.(2) Conservation of moisture.
(3) Removal of weeds.

At the present time not so much stress was laid upon the
aeration of the soil as had been done in the past.

With regard to the correct depth of ploughing, it was evident
from the discussion that very little agreement could be arrived
at on the subject. The fact that one season differs from another,
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and that farm differs from farm, acre from acre, and field from
field, made the reduction of cultivation to a set of rules impossible.
There seemed to be, however, certain underlying principles which
exist through many temporary conditions, and which form the
basis of all successful operations.

Two points of interest arising from recent laboratory work
were found in the lessening of the resistance of land to the passage
of implements after the application of chalk, and by the considerable
reduction of friction on plough breasts which appear when an
electric current is passed through them, and induce a lubricating
film of moisture to form upon them.

SUMMARY OF POINTS: GENERAL

By C. HEIGHAM, M. A.
Rothamsted Experimental Station

(1) The objects of cultivation are threefold :

(a) The elimination of weeds and unwanted plants.

(4) The control of soil moisture in relation to the crop.

(¢) The production of a condition of soil favourable to
plant growth—i.e. the making of ¢“tilth.”

(2) Cultivation processes as we have them are for the most part
the outcome of many years of practical experience on the land, and
can be traced through many stages of gradual improvement.

(3) From time to time startling innovations have appeared, and
a few of these have remained to revolutionize some of the operations
of agriculture, The name of Jethro Tull, who invented the seed-
drill and the system of horse-hoeing husbandry, is particularly
associated with one of the greatest of these steps in progress.

(4) The great development of industry and mechanics during
the nineteenth and twentieth centuries made possible great develop-
ments in the construction of implements of tillage, but this was not
accompanied by any great change in principle, and the form of the
early types has remained easily recognizable in many of the most
modern productions.

(5) Despite the accumulation of many centuries of experience,
we still know very little of what really happens to the soil when it
is cultivated, or when the forces of the weather act upon it; and it
seems that a close study of the intimate relations of soil particles to
each other and to moisture should form the basis of any further
advance both in implement design and in systems of cultivation.

(6) The level of cultivation maintained at any period depends
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partly upon the type of machinery and power which is available
for the production of a perfect tilth and partly upon the amount of
labour which a farmer can afford to use for any particular crop.
It may often happen that good and thorough cultivation is unsound
in the economic sense.

(7) The existing methods of cultivation depend for continued
success upon a large supply of cheap man labour. Such labour is
no longer to be obtained, and in consequence the economic principles
upon which the older systems were founded have ceased to apply.
The comparative values of such matters as speed, depth and high
finish in ploughing and other operations, which were fairly well
established all over the country, are now once more in question.

(8) There is a considerable divergence of opinion among farmers
as to the value of deep ploughing. It is claimed, on the one hand,
that it will make possible the preparation of a deep seed-bed in
which plant roots may penetrate quickly to a constant water supply.
On the other hand, it is said that it may lead to the transference to
the surface of raw subsoil, or to the drying out of the top soil to a
considerable depth.

Despite this clash of opinion, it appears that bold and thorough
ploughing in autumn and winter is the best foundation for good
cultivation on most soils. The depth of ploughing must depend in
each case upon the depth of the top soil and the nature of the sub-
soil. Where it is intended to deepen the ploughing, care should be
taken to avoid the exposure of more than an inch or so of unkindly
subsoil at one time.

(9) There appears to be very little reliable information as to the
value of subsoiling, and there is need for widespread and well-
designed investigation on this point.

(10) There is a curious clash of opinion as between the farmer,
who rolls his land and uses sheep in order to obtain compression of
the surface, and the gardener, who takes particular care to keep his
soil loose and friable. In both cases it is claimed that the control of
the soill moisture in relation to the crop is improved. It would
appear that this apparent contradiction can be reconciled to some
extent by the adaptability of the plant. In the first case the amount
of water relative to the bulk of the top soil is increased and the
plant roots have no need to travel far for their supplies. In the
second case a deep-rooting habit is definitely encouraged by
the looseness of the soil and the drying of the surface layers,
and the plant is encouraged to get its nourishment from a depth
where the water supply remains constant.

(11) In the economic field there would seem to be a good
case for the use of cheap feeding crops such as kale and mixed
leys in place of the more expensive root crops. This is in reality
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an avoidance of cultivation, but it may be well justified under
conditions of high cost and cheap product.

(12) The sources of power available for the work of cultivation
are increasing, and already many farmers have found that an
intelligent use of petrol- and paraffin-driven tractors has enabled
them to keep up the working force of arable farms at a reasonable
cost. The case of the heavy land farm in Essex adduced in Mr
Steel’s paper is particularly striking in this respect. It may be
noted that Mr Steel was a trained engineer and that his power
machinery was well looked after.

(13) The speed of work of agricultural implements becomes a
matter of great importance as the sources of power are developing.
It appears that the soil-resistance to ploughing at 41 miles per
hour increases only 7 per cent. from what it is at 2} miles per hour.
This plain fact suggests great possibilities for development both
of implements and tractors in the future.

(14) Certain new implements of a rotary type and driven by
internal combustion engines are now available. ‘These would
appear to have many uses on the more intensive farms and in
market gardens, but at present there is very little evidence avail-
able for their performance in comparison to the older and better-
known implements of tillage.

(15) There would appear to be a general agreement that in
the direction of the cultivations on his farm the farmer is called
upon to exercise to the full his personal knowledge of the land
and his judgment of the prevailing conditions.
~ While it is admitted that there is a great deal to be learned
about the underlyingd principles, or the science of cultivation, it
appears certain that the art of it as it appears in the work of an
individual farmer on a field which he knows well must be
maintained as the vital link between precept and practice.



