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STUDIES IN SOIL CULTIVATION.
I. THE EVOLUTION OF A RELIABLE DYNAMOMETER

TECHNIQUE FOR USE IN SOIL, CULTIVATION
EXPERIMENTS.

By BERNARD A. KEEN anp WILLIAM B. HAINES.

(Soil Plysics Department, Rothamsted Experimental Station, Harpenden.)

(With Plate I and Three Text-figures.)

InTRODUOCTION,

In most countries that have a long agricultural history, and espeeially
in Great Britain, the cultivation of the soil has been raised to a fine art.
The mass of empirical and traditional details that has grown up around
the various operations is reflected in the variety of implements now
available. The majority of such details centre around the operation of
ploughing as being the basic cultivation process, and the one on which
the ultimate success of the seed bed largely depends. For this reason,
in the field experiments which form the subject of the present series,
attention has so far been confined to the operation of ploughing,
There are two main groups of factors involved in this operation,
which may be separated for convenience in presentation and discussion,
although they are very closely inter-related in actual practice; these
groups comprise the implemental and the soil factors respectively. The
former includes all problems of plough design such as the evolution of
the best shape of mouldboard for different kinds of work—unbroken or
broken furrows, one way or turn-wrest ploughing, ete.; the relation
between design and draught for different speeds, depths and similar
variables; together with questions connected with the materials used in
construction, methods of attachment, etc., that lie within the province
of agricultural engineering. The second group, the soil factors, contains
those properties of the soil that are more or less permanent, such as its
mechanical analysis, together with variable factors, of which moisture
content, organic matter content, fertiliser treatment are obvious in-
stances. Actually the soil factors exert their influence indirectly through
such properties as soil cohesion, plasticity and surface friction. These
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important properties of soil are susceptible to study under laboratory
conditions, and the results are being described in a separate series of
papersi.

During the operation of ploughing all the implemental and soil

factors combine to determine the resistance that must be overcome by"

the applied tractive force in drawing the implement through the soil.
This draught can be measured and recorded as a continuous trace by
the dynamometer described below, and from the records thus obtained
it is possible to draw deductions of economic, practical, and seientific
value. Comparisons may be made of the draught of different implements
on the same soil, the resistance offered by different soils, the effect of
moisture content, climatic conditions, cultural variations and so on.
No systematic and fundamental study of this aspect of soil cultiva-
tion appears to have been made up to the present. In addition to the
numerous traditional and empirical details already referred to, which
are In themselves evidence of the complexity of the subject and the
importance of scientific investigation therein, a considerable amount of
scattered literature exists. But the greater part of the latter work,
when examined in the light of the results recorded in this and the next
paper in the present series, shows that the technique employed was
unreliable. This is distinetly unfortunate, since many of the experiments
were supposed to have answered definite economic and practical ques-
tions. For instance, a direct comparison of the draught required by
different ploughs presupposes that the soil used for the test was uniform
and would have shown a reasonably constant resistance to the standard
plough, so that the differences observed with the different ploughs are
therefore to be attributed entirely to variations in implement design.
The second paper of this series is devoted to a test of this fundamental

assumption ; the results show that gross errors may be made by assuming.

that because a field looks reasonably uniform to visual ingpection the
resistance it offers to ploughing is equally uniform over the area,

Such considerations point to the necessity for careful planning of
all field experiments in ploughing draught and cautious interpretation
of the resulés. Since the factors concerned are so complex it is essential
that the dynamometer record should be as reliable as possible, and in
the present paper a description is given of the technique that has been
developed for this purpose, together with the results of preliminary
investigations of the effect of variations in speed of ploughing and similar
factors that have a direct bearing on the interpretation of the results.

t Haines,W. B. “Studies in the physical properticsof soil, 1. ThisJournal, 15(1925),p. 178,
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A tractor has been used in preference to horses for several reasons:
a greater range of speed is obtaizable, and a number of other factors
can be kept under control more easily. Further, in horse ploughing, the
character of the work done is largely under the control of the ploughman,
who will ease or hold the plough in accordance with variations in the
nature of the land, and in our own work it seemed advisable to defer
the examination of these additional complications until fater. They are
of course of considerable importance and are instanced by many practical
mén ag points in which the quality of tractor ploughing still falls short
of horse ploughing.

Drscriprion oF DYNAMOMETER.

The dynamometer used throughout the field measurements is one
designed by Mr G. W. Watson, Past President of the Institution of
Auntomobile Engineers. In its essentials, this instrument is a self-re-
cording pressure gauge, indicating the pressure produced in an oil system
by the pull between the two points to which the instrnment is hitched.
The chart consists of a continuous strip on which parallel records are
given of drawbar pull (hereafter written D.B.P.}, time intervals and
of the depth of ploughing. Referring to Plate I, 4 and B are
the holes for hitching the instrument to the tractor drawbar and to
the plough respectively. Two pairs of holes are supplied, the leverage
provided by one pair being double that of the other. This gives a choice
of two degrees of sensitiveness in the instrument. The pull is applied
to the lever which transmits it as a thrust at ' through a hardened steel
ball bearing against a piston head., The pressure on this piston is taken
up by an oil system and transmitted to a cylinder and piston of reduced
size. This arrangement has the double advantage of reducing the total
thrust while increasing the total movement. The smaller piston bears
against a calibrated spring enclosed at ), whose contraction is recorded
on the chart by stylus . Further ranges of sensitivity are obtained by
taldng ous this spring and inserting another of lighter or heavier cali-
bration value. All the styluses are of brass working on a paper with a
specially prepared slightly abrasive surface. A perfectly legible mark
is left without a heavy pressure of the stylus, though it is found advisable
to ink in the trace by hand afterwards for the sake of greater legibility
and permanence. Certain records which had been exposed to light for
some months were found to be no longer legible owing to the bleaching
of the trace made by the brass stylus. A special type of linkage causes
the stylus & to move in an approximately straight line across the chart,
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Stylus F is fixed at the appropriate point to record a straight line on BRSO

the chart representing zero pull.
The motion of the chart through the instrument is governed by the

movements of the carriage wheel (*. The rotation of this wheel i s
suitably geared through the flexible shaft H to a roller J, which has R
two rows of pointed pins to engage the chart by piercing it and thus = -

drawing it forward. Thus the chart starts and stops in accordance with

the movements of the dynamometer and plough. The pin-pricks are -
about 1 cm. apart and represent 25 feet of travel over the land. The ..
spools which feed and receive the chart can contain enough paper for

many hours” eontinuous working.

The time record is made by means of a clock which actuates the SRR
electro-magnet K every 10 seconds, causing it to draw the stylus L. 00

momentarily to one side. This periodic closing of the cireuit is obtained

by the cam seen at M which replaces the second hand of an ordinary clock,” -

For the purpose of tecording the ploughing depth a wheel carried. - - . .
on an elbow joint N is attached to the plough frame. The wheel rides L
upon the uncut land by its own weight and the angle of the elbow AT
fluctuates with the depth at which the plough is working, These flictua- - IR
tions are transmitted to the third stylus O by means of a Bowden wire - - - ©

fixed at the joint in such a way that it is pulled in and out by the

movements of the arm. Another fixed stylus is required to récord the e
zero depth. A ealibration of this part of the record is easily carried:out .
after the equipment is set ready for work by lifting the wheel 4 measured S
height and marking the corresponding position- of the stylus O, o
The apparatus has been found to work well sitbject to careful atten: B
tion and adjustment, but the connection between: chart- length-and -

distance travelled is not sufficiently exact for some purposes. Two causes

introduce error in this respect: ( 1) the slipping of the carriage wheel and _
(2) what is mere important, the sporadic adhesion of soil clods to the wheel
rim, which effectively increases the wheel diameter. To overcome this -

difficulty a further attachment was devised consisting of a parallel
circuit to the timing arrangement, with a bell-push whick could be

carried in the hand. This circuit is closed when the plough reaches any
given point in the field and a mark i1s obtained on the time record. This

can be distinguished from the time marks proper by holding the contact

for a longer period (see Fig. 1}, or by making three contacts in sharp - '

succession. In this way the chart can be divided up to correspond
accurately to the dividing lines separating the features of interest in the
field itself. '

1F,
T
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PLATE |

Assembled components of Watson Drawhar Dynamometer.

Detail of Recorder,
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TREATMENT OF (JHARTS.

A facsimile of a portion of a ploughifg record is shown in Tig. 1.
The first process in measuring up a chart is to draw across it the lines
which correspond to the boundaries of the field plots. A mean value of
D.B.P. (or of ploughing depth) Is then obtained by integrating the area
of the inclosed figure by means of a planimeter. The instrument used for

. this work is a rolling type made by Coradi of Zurich. This instrument

rolls on two heavy wheels which are geared to a shaif having ab its

SPECIMEN OF DYNAMOMETER CHART

Pinpricks representing 25 feet
of Travel

Record of Depth of Ploughing

Record of Drawbar Pull

2~ Dinpricks

© © ] e & -] L] o &

LT T T T T <=  Time Records (10 sec.
i i intervals}

Fig. 1.

end a portion of a true sphere. A cylinder attached to the planimeter
arm rolls on this sphere round a circle whose size is determined by the
angle at which the arm is held. The usual fixed point in the plane of

" the paper is thus replaced by the rolling contact between the wheels

and the paper, which gives the advantage that any required length of
chart can be integrated with one movement. The degree of accuracy
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attained in measurement was two or three parts per thousand, even
with the smallest areas. As the lines of division could scarcely be drawn
with this accuracy the areas were always divided by the base length as
measured on the chart, even where the plot lengths were the same.

The D.B.P. figures thus obtained are those upon which all com-
parisons of draught are based. As already mentioned, this depends
upon soil resistance and plough design. It represents the useful work
done by the tractor, which is less than the total output of energy, since
a certain portion is absorbed in moving the weight of the tractor itself
against frictional forces and in losses due to slip in the land wheels. There-
fore the dynamometer gives no direct measure of the total power exerted
by the engine; it gives information as to what is happening behind rather
than in front of it. However, an indirect measure can be obtained by
suitable treatment of the charts, as explained on p. 384, that is in all
probability sufficiently accurate, pending direct determinations by
measurements of fuel consumption under specified conditions of working.
This question is now being examined as it is obviously one of the most
important sections of the work from the economic aspect.

PreELIMINARY TESTS.

The actual calibration of the dynamometer can be dismissed in a
few words, The D.B.P. values were calculated from calibration data
supplied by the National Physical Laboratory and the inventor. Tests

of the time values on the chart with those taken by means of a stop-watch -
agreed to one part in a thousand. The correspondence between distance:

travelled and chart length was not good, but the reasons for this and
the method of overcoming it have already been described.
In order to use the D.B.P. figures for comparisons of soils or imple-

ments (the remaining factors being constant) they must first pass certam _

tests of validity. The charts show a very irregular line corresponding
to fluetuations in pull, and only a close examination can show how far
these are due to a purely chance occurrence of stones and similar
obstacles, and how far they represent significant differences in the soil
which would always re-appear in operations over the same spot. It is
also necessary to know how sensitive the D.B.P. is to changes in speed,
depth of plonghing, manner of hitching and all those implemental factors

which eannot be maintained at an exactly constant value during a test. .

Tn regard to the significance of small variations in D.B.P. the evidence
afforded in Fig. 2 seems conclusive that these are produced by soil
variations and that they reappear in successive furrows over the same
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locations., The diagram was prepared by placing side by side the chart
records of a number of contiguous furrows so that a direct comparison
could be made. In such & case chance variations like those due to stones
will not be reproduced from one furrow to the next, but significant
variationz should be the same for such near neighbours. The mean
level of D.B.P. represented on the chart is about 1200 Ib. with a range
of fAuctuation of 3101b. In the upper half of the fignre even small
Auctuations in D.B.P. will be seen to be reproduced each time the same

" point is reached. There is also the same drift from end to end, from a

higher D.B.P. on the left to a smaller one on the right. Exact parallelism
in the sense of equal spacing between the lines is not to be expected,
since the setting of the plough was not the same in all cases. The case
was specially selected for the purpose of comparison, as it was a cross-
ploughing of weathered furrows. The first ploughing had been done in

Fig, 2. D.B.P. traces of parallel furrows compared.

sections at various times so that the degree of weathering varied across
the field, and gave rise to differences along the cross furrows. In addition
the presence of the furrows and ridges between the ploughing lands
affects the pull at vegular intervals in & manner which can be picked
out easily in the figure. The lower part of the figure shows two parallel
furrows on another occasion when the gross variations down the furrow
were larger but the smaller variations were not so noticeable. In this
case the actual traces were smoothed somewhat in reproducing them,
but the essential similarity in the two is quite apparent. There will be
occasion in a later paper of the series (IIT) to show similar comparisons
for furrows ploughed over the same places not on the same day, but in
stccessive years.
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The effect of maladjustments in the hitch and “set” of the plough
was to produce bad work but had little effect on the D.B.P., except in
so far as the depth of plonghing was affected. If the adjustment resulted
. the plough working deeper there was a corresponding increase in pull.
Tests on adjustments of depth alone were confined to the region of
ordinary ploughing conditions, ¢.e. between the limits of 4% and 6 ‘in,
Over this region the D.B.P. could be taken as hearing a linear rela-
tionship to the depth. :

The mean of eight readings taken over the range indicated can he
well represented by a straight line drawn through the values 1150 1b,
for a depth of 4% in, and 1460 Ib. for 6 in. depth. For depths greater
than 6 in., the greater resistance of the “plough-sole” results in s rapid
increase of draught.

The effect of variations in slope over the area being worked was
examined by comparing the D.B.P. of furrows going up and down the
same slope. The results show that no measurable difference occurs in
D.B.P. for gradients of less than 1 in 40. This result may seem at first
surprising. The extra work on the tractor going uphill is very obvious,
but this is mainly due to raising its own weight, and is not reflected in
the dynamometer record. The only extra pull imposed by the plough
is that required to lift its weight against gravity, which is very small
In comparison with the pull due to the soil. Thus a plough weighing
300 Ib. drawn up a slope of 1 in 40 would impose only an extra 7 lb.
to a 1D.B.P. of about 1000 ib,

The remaining factor, and the most important, is the effect of speed.

Davidson?! and Collins? in Towa, U.8.A., have carvied out tests upon-

the connection between draught and speed of ploughing. Taking the

draught at 1 mile per hour as 100, Davidson finds that an increase of . .

speed to 4 miles per hour raises the draught to 126 or 142 according to
the heaviness of the soil. Collins experimented with. two types of plough,
the long-hreasted “general purpose” pattern and the short ““breaker”
pattern. The former pattern increased in draught from 500 to 600 Ib.
over a range of speed from 2 to 5 miles per hour, while the latter pattern
gave a much larger increase from 400 to 700 Ib. In our own experiments
we were not able to attain quite such a range of speeds, but gained
greater experimental accuracy than these workers by dividing up the
furrow into short lengths and making a number of comparisons between
the neighbouring plots so formed. Iig. 3 shows the results of the speed
tests after taking means in this way (about nine comparisons for each

* J. B. Davidson. Agrimetor, U.8.A. Jan, 1920. ® (. V. Collins. Ibid. April, 1921,

&
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point}). The D.B.P. figures have been reduced so that the one for normal
speed—2-5 ft. per sec.—is represented by 100, The results are comparable
with those of Collins for the general purpose plough, this type being the
one used in all our experiments. The small change in the D.B.P. for con-
siderable change in speed is remarkable. For an increase in speed which
would mean a B0 per cent. greater area ploughed in a given time, the
increase in D.B.P. is only 7 per cent., and it is highly improbable that
the extra fuel required to raise the pull by this amount would be any-

'~ thinglike enough to outweigh the saving of 50 per cent. in time. The

saving in labour costs per acre would be additional to this. Hence, as

D.B.P.
-
o
1054 . -
-~
P
-
o -
~ -
. 1004 Ko,
~0 i
-~
) -
-
. [o I
95 | ~ -
-~
-4
J i i
2 3 4 ft/fsec.
Speed,

Fig. 3. Relationship hetween speed of ploughing and drawbar pull.

the speed of ploughing is increased, there should be a very considerable
saving in expense. Practically, a Hmit is set by two new factors which
come in, viz., the bad work performed by a plongh moving feo fast and
the shattering wear and teaz to the tractor at high speeds. Both of these
difficulties could be met to a large extent by adaptation in the design
of the machimery. It is evident therefore that there is a promising
future for implements and tractors designed for work at higher speeds
than those we have become accustomed to in using horses, Such an
advance was made many years ago in steam cultivation, which has made
speeds up to 6 miles per hour quite usual in certain operations.
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Tur Powsr FacTor.

The conclusions discussed in the preceding paragraph have important
economic bearings and it is highly desirable to have some quantitative
method of assessing or comparing results from the point of view of costs
under different conditions, The simple expression for work done—
D.B.P. times the distance ploughed —is not suitable since it takes no
account of the special way in which the D.B.P. is produced by the
prime mover (tractor engine) nor of such factors as losses due to slip
and the effect of the speed of ploughing. Consider, for instance, the
plough brought to rest by an obstacle which offers a resistance higher
than the maximum D.B.P. obtainable. If the source of energy were a
falling weight this D.B.P. would be maintained without any loss since
+here is no movement, but the expenditure of emergy by a tractor
engine must be continuous in order to maintain the pull even though
the plough itself remains stationary. Or, as another instance, take the
case of ploughing up and down the same slope, all controls being kept
at a constant setting. The D.B.P., and hence the work done by the
plough, is practically the same in hoth directions (p. 382). But the total
power output of the tractor for a given distance of ploughing is very
different, and shows up unmistakably in the slower speed of ploughing
uphill. We conclude therefore that the desired measurement is better
made on a time, rather than a distance basis, and we have employed

the product of the D.B.P. and the time (in seconds) taken to plough a - e

?

1 ft. length of furrow, under the name of the “power factor,” as a -
measure of the output or fuel consumption. The assumptions involved . . .

in taking this figure as a measure of consumption are (1) that, so long
as the tractor engine runs within the range of speed for which it is
designed, a given pull developed at the drawhar corresponds to a certain
rate of fuel consumption and (2) that this rate i simply proportional
to the D.B.P. The “power factor” is then an integral expressing the
amount of fuel consumed. The factor is of help in comparing resulfs
given by the same tractor and plough in any one sexies of experiments,
especially where the D.B.P. does not vary very much from one experi-
ment to another; the adaptation which takes place m speed as the
D.B.P. changes makes the power factor a more sensitive measurement
in some cases than the D.B.P. Similarly when different series of ex-
periments are being compared (e.g. different soils, or manuring, or
different implements), where the D.B.P. will vary from one series to
another, the power factor can be used for making comparisons of the
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relative costs, provided that the assumptions mentioned are valid, We
hope to make tests of this and related matters at an early date in order
40 sscertain the measure of agreement between the indirect treatment
of the dynamometer results—-the power factor—and the direct measure-
ments of fuel consumption, etc., needed for economic comparisons. In
the reantime the assumptions made above are very simple and do not

appear unreasonable.
As an example the results of a test on a plough and furrow-press

" may be recorded. The test was made with a two-furrow Ransome plough

drawn by an Austin tractor, and for part of the time a furrow-press,
consisting of three heavy wheels, was attached to the plough. Three
journeys to and fro in the field (800 ft. long) were recorded on the
dynamometer with press attached and three more without. The mean
D.B.P. in the first case was 1109 lb. and the speed 284 ft. per sec. When
the press was detached the D.B.P. fell to 802 Ib. and the speed mereased
to 2-95 ft. per sec. Making a comparison on the D.B.P. alone, therefore,
the ratio of work done with the press to that done without it was 1-38;
while a comparison of the power factors in the two cases, taking account
of the gain in gpeed as well as the fall n the draught, gave the ratio
1-50. There can be little doubt that the latter ratio is a truer expression
of the additional cost imposed by the furrow-press than is the former
value.

CoNCLUSION.

The general conclusion can be drawn from the whole of the results
that during a steady run with tractor and plough the variations In
drawbar pull can be entirely ascribed to variations in soil fexture, or
soil resistance. Chance changes in the implemental factors will not
produce large effects, and as far as these ocour the data are available
$rom which to ealculate the necessary corrections. The unit consisting
of tractor—dynamometer—plough’ should therefore prove to be useful
for making field surveys of soil conditions and characteristics. Tests of
such a nature are dealt with in the following papers of the series.

SUMMARY.

An account is given of a reliable technique that has been evolved
for making dynamometer measurements in the field. It has been shown
that quite small variations in the trace of the drawbar pull are signi-
ficant, and correspond to actual variations in the resistance of the soil.
No significant change in drawbar pull is produced by imperfect adjust-

J. of Agric. Sei. xv 26
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ments in the hitch or set of the implement within the limits met with -

n ordinary ploughing, except in so far as the depth of working is affected.
The drawbar pull bears a linear relationship to ploughing depth within
the region of ordinary ploughing. The slope of the Jand is without
appreciable effect; on the drawbar pull up to gradients of 1 in 40.

The effect of changes of speed has been examined in some dotail.

:Although the drawbar pull increases with speed the percentage increase
Is relatively so slight that considerable saving in labour and other costs
should result if the speed of ploughing were increased. The ordinary
expression for work done (the product of drawbar pull and distance) is
s}flown to be unsuitable ag a meagure of the power output, and pending
direct determinations of fuel consumption, the “power factor” (defined
as the product of drawbar pull and time taken to plough unit length)
has b_een employed. The assumptions involved in the choice of his unit
are discussed, and shown to be simple and not unreasonable.

-

(Received 21st May, 1925.)

STUDIES IN SOIL CULTIVATION.

II. A TEST OF SOIL UNIFORMITY BY MEANS
OF DYNAMOMETER AND PLOUGH.

By WILLIAM B. HAINES anp BERNARD A. KEEN.
(Seil Phystcs Department, Rothamsted Ewperimental Station, Harpenden.)

{With One Texi-figure.)

IxTrRODUCTION.

A meEagsupeMeNT of the degree of variation of soil characteristics over
any area on which variety, or manurial, or implement #rials are being
made, would be of the greatest value. In implement trials, especially
those of a competitive nature, it is usually only feasible to divide up
the ares into long parallel strips, one of which is allotted to each imple-
ment. Any comparison of the implements made on the acfual records
of drawbar pull so obtained would be unfair unless those physical pro-
perties of the soil on which the drawbar pull (D.B.P.) depends were
themselves reasonably constant over the whole experimental area; on
the other hand, if a preliminary test of these variations be made, the
results can be used as the standard basis for comparing the INB.P.
records of the different competing implements. Such a survey is also
a necessary preliminary before any valid deductions can be drawn as
to the effects of different maruring, ete., on the D.B.P.

It should also be of value in connection with the modern develop-
ments of plot technique, that are based on a statistical treatment of
the yields from replicate plots of the various treatments under fest,
distributed at random over the experimental area. It is well known that
vields vary from one small plot to the next, even on an area where the
conditions have been made as uniform as possible’. In so far as the
variations 1n soil characteristics are reflected in variations of yield, it
is possible to allow for them in the statistical analysis and thus to
improve the reliability of the results. As a corollary to the soil uniformity
investigation described in the present paper, studies of crop growth are
being made, and yields will also be measured.

* W. B. Mercer and A. D. Hall. This Jowrnal, &, 1911, p. 107.
26—2
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The technique of field measurements with plough and dynamometer
described in the preceding paper of this series affords a sufficiently
manageable and sensitive means of measuring the degree of uniformity.
Any other method of conducting a survey, such as making physical and
chemical analyses of soil samples taken at regularly spaced intervals,
would involve a prohibitive amount of labour. Furthez, n the present
state of our knowledge, it would not he possible to make more than a
very general iniference as to the degree of uniformity of field character-
istics from the measurement of selected factors such as plasticity, or
mechanical analysis. The recorded T.B.P., on the other hand, is
in effect an integration of all these factors, and by virtue of the large
amount of soil dealt with the usual dificulty due to errors of sampling
is eliminated. Tt is easily possible to arrange in a single day’s ploughing
to cover an entire field with measured furrows at short intervals, and
to secure sufficient replication to smooth out experimental rregularities.
Although the measurement of the considerable length of chart obtained
is laborious it is not prohibitively so, and it i comparatively simple.
A test of this kind was therefore deemed fo be of such importance as
t0 claim an early place in the programme of dynamometer mvestigations.

EXPERIMENTAL.

The site chosen for the test was a portion of a field known as Bawyer’s,
covering about 6% acres, which had recently been talen into the area
covered by the experimental farm at Rothamsted. The field was quite
level except for one slight dell-and showed no obvious irregularities of
any kind. Also, as far as is known, the field has received uniform treat-
ment for many years. At the time of ploughing the Iand was in clover,
and a small irregularity (mainly expected to affect the molsture content}
was introduced at one corner by the fact that the clover there bad been
left uncut for some weeks after the rest. _ '

The field was laid out in square plots of 1 chain (66 {t.) side, and the
boundaries in one direction were marked as ridges in setting out the
ploughing “lands.” Asa preliminary, rather less than half of each “land”
was ploughed before the test furrows were cut. The plots could thus
be divided into half in the direction of the ploughing, and the measured
work gave furrows running down the middle of these half-plots. The actual
test was carried out within the course of a single day in September, 1924,
the field being worked across twice, so0 as to equalise the effect of changes,
such as drying out of the soil, taking place during the course of the day.
Such changes were a minimum as the day was dull throughout, with

SR o
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a steady breeze and no precipitation. The plough was 2 Ransome two

" furrow, drawn by an Austin tractor.

Table T hrings together the final results for mean D.B.P. values
along each half-plot. Hach figure represents the mean of three to six
values, i.e. the records covered from three to six journeys along each
half-plot, and represented contiguous furrows in each group. The results
of moisture determinations taken on samples from alternate {(whole)
plots are also shown in the table. These are remarkably uniform; the
twa high values F 6 and J1 being largely attributable to shading,
in the one case by trees in the hedge and in the other by the patch of
clover already mentioned, which was only eut just prior to the ploughing.

Table I. Drawbar pudl values (1b.) and moisture contents (per cent. 0% dry weight)

Plot.
Down
Up
Down
Up
Down
Up

. Down

Up
Down
Up
Bowmn
Up

. Down

Up
. Down
Up

J. Down

K.

Up
Down

on Sawyer’s field. Ransome two-furrow plough. Austin tractor.

1 2 3 4 5 6 7
1236} ,. . 1258 1260 1282 18001 o, — —
1233) 20°¢ 1360 1275} 181 o7 1335] 204 1383
1293 1296 1282 1304) o, 1409 I
1231 1331} 192 3975 1262} 204 1349 1380 ] 21 —

5 DI P -
e B B E e 5 S
1380 1337 . 1345 1470} 1529 1475 o0, —
1363 1374} 208 3356 1464 B4 1638 1712]l 204
1315 o0 1363 1349) 4o, 1403 1665} o . 1575 —
1378 20 1386 1444;L 221 Y544 1513} 205 j537 1500
1296 1333 1368 1384] o, 1477 15071 og. —
1263 1260 218 1992 1217 249 1s79 wos] 258 a4
1275) ., 1288 1317 1366 1526} o . 1370 1269
1236 222 1249 1294} 204 1333 1m02] 205 1304 1265
1232 1246 oo 1275 13821 ;. 1329 1369 1o, 1273
1208 et | 22 1365 13357 21?1382 1352) 195 1342
1158) 0. 1250 1243 1263 1288 1353) 1o 1328

29.5 | 197

T A T3 1220 1250 1190 1238
- 1174 1215 1218 1225 1242 -

In order to produce the best graphical presentation of the results
lines have been drawn on a scale plan of the field so as to indicate regions
of equal D.B.P. (Fig. 1). The figure thus has the appearance of an
ordinary contour map, the “hills™ and the “valleys” representing
regions of high and low D.B.P. respectively. We propose to adopt the
term “isodyne!” as a convenient description of these contour lines.
The convention followed in drawing was to consider that the mean
D.B.P. value arrived at for each plot was the frue one for the centre
of the plot, and that the D.B.P. gradient to the contiguous plots was
quite smooth, The result is a considerable smoothing out of the slighter

1 The derivation of this word is obvious; Mr P. H. H. Gray, of this station, kindly
made an exhaustive search for a possible alternative, but nothing more suitable was found.
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variations. The comparisons between parallel farrows cited in the
previous paper indicate that highly localised variations ave faithfully
reproduced by the dynamometer so that, if much smaller plots were
taken, the isodynes could be followed with greater detail as to local
irregularities, and these details would be perfectly legitimate deductions

o
=
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o

Fig. 1. N.B. Strip A extends between the points A and B, strip B between the points B and C,
and so on. The left half of each strip is the one denoted in Table 1 as ploughed “down,” and
the right half “up.”

from the chart data. But it is preferable to produce a bolder effect by
smoothing, in order to throw the really vital differences into greater
relief. The chart readings from which the mean values of D.B.P. were
taken were examined statistically for significance. The probable error
for the values of the D.B.P. gradient from one plot to the next was
calculated for a number of cases taken at random. That is to say, the

3
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. calenlation was made on differences in D.B.P., not on absolute values,

The values range around 10 or 20 per cent. with only a few higher
values in exceptional cases (such as plots representing the beginning of
a furrow where irregularities are always greatest). It may therefore be
inferred that the direction of the D.B.P. gradient is always significant,
and that its value between contiguous plots is correct to about one part
in five. When a gradient over a series of plots is considered the degree
of accuracy is much greater. '

Discussion.

The results shown in the table and figure are very significant. Taken

'~ as a whole they present overwhelming evidence that, for the physical

properties at any rate, an assumption of soil uniformity would have
been far from correct. The range of variation in the D.B.P. is about
40 per cent. Tt would be possible to select patches of fair uniformity,
and to reject patches showing large variation, but that fact only re-
inforces the argument for a uniformity test as a preliminary . to other
experimental work. _ :

The ease with which the isodynes can be drawn is itself good evidence
of the constancy of the implemental factors, 4.e. all questions concerning
the running of the tractor and. setting of the plough which might alter
the draught. Any variation in these factors i{rom. furrow to furrow
would show up as a.tendency of the isodynes fo run to and fro in a
direction parallel to the ploughing. But it would be difficult to infer
from the diagram the direction of the ploughing. Only in one case was
there & break in the smoothness of the ploughing, when the implement
pulled out of its work and had to be re-adjusted. This upset a iew of
the readimgs and the result is shown about the middle of the plan, where
the lines tend to be suddenly displaced between the up and down furrows
of the F sirip. Measurements of depth of ploughing, however, showed
no change after this slight mishap.

The sitnation of the dell already mentioned is about G-IL 5, and is
indicated plainly by the isodynes showing a somewhat heavier pull than
on the immediately adjacent areas.

It is very imstructive to see what wounld have been the result of
using this field for a competitive implement trial. This can be done
by comparing the average D.B.P.’s for strips taken right across the
field, 7.e. by comparing the averages of either the columns or the rows
in Table I. These are given in Table II. :
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Table II. Average drawbar pull for strips across the whole area.

Strip A B C D i
Average drawbar pull, 1. 1267, 1207 1335,1303 1307,1345 1423,1485 1460, 1479
Strip I G H J K
Average drawhar pwll, Jb,  1394,1370 1343,1328 1298,1306 1272, 1194 1215
Strip 1 2 3 4 53 6 7

Average drawbar pull, 1b. 1276 1279 1297 1343 1428 1417 1337

Tt is at oncé evident that, in spite of the additional smoothing of
the values introduced by averaging the D.B.P. for the whole length of
a strip, considerable differences still remain, If the lowest D.B.P. in
each of the two sets of strips be taken as the standard, the increase
in D.B.P. rises to & maximum of 12-2 per cent. for strips running up
and down, and 11-2 per cent. for strips running across the field.

It is evident that no reliance could be placed on a comparison bt
the D.B.P. given by the competing implements if the inherent resistance
of the soil itself varied by over 10 per cent. from one strip to another,
unless these variations were first of all surveyed and allowed for n the
comparisons. The necessity for such a survey is further emphasised
when one remembers that even in the present stage oi development of
power drawn implements, a reduction of 10 per cent. in D.B.P. by im-
provement in design is hardly to be expected, and the improvement
immediately attainable is more likely to be of the order of 5 per cent.
a8 & maximum, '

The significance of the differences in D.B.P. as an expression of
differences in the physical properties of the soil is being followed np in
various divections, and a number of preliminary results have been
obtained. Although there is a tendency for the higher moisture figures
to” be associated with the heavier plots, there is no really consistent
relationship, which is perhaps not surprising, since such differences
would level up considerably i the winter months when the moisture
samples were taken.

The question as to what degree these differences are permanent, or
affected by seasonal factors, is dealt with in the next paper (ILI) of
thiz series,

There iz a definite correlation between the ID.B.P. and clay content,
as shown by the following typical results from areas covering con-
siderahle range in drawbaz pull:

Clay per cent. (oven-dry, not ignited) 23-6 30-0 331 343

Drawbar pull (1b.) 1280 1400 1500 1550
“Similar vesults will be found in the third paper of this series, This
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_correlation would of course be expected from general experience, since

“heavy” soils almost invariably contain considerable quantities of the
clay fraction. On the other hand the correlation would not be exact,
because the physical properties of the clay also vary.

The D.B.P. variations have also a very important correlation with
the early stages of plant growth.

After the dynamometer measurements were made the land was
prepared and sown to winter wheat. Measurements made by Messrs.
T. Eden and E. J. Maskell on the number of plants present on the plots
(i.e. the number surviving the winter) show that the less the average
D.B.P. the greater was the number of plants. The correlation coefficient
was — 0-75 + -08, - A similar relationship held for the percentage of

" plants that had tillered, the correlation coefficient in this case being

— 0-77 £ -10. There is thus an unmistakable relationship between plant-
growth and D.B.P., since such high correlations are not, in general,
obtained under field conditions.

Counts will be made at intervals over the growing season, and the
yields also measured. It will be of considerable interest and importance

to see how far these striking early differences level up as growth pro- a

ceeds and how far the fertility or yield “contours™ over the area are a
reflection of the isodynes.

The necessity of first determining the isodynes of any area in order
to obtain a valid basis for subsequent experiments and deductions is
brought out in -the present paper. The conclusions of earlier workers
have been invalidated, or at the best, rendered less reliable through the
omission of this essential preliminary. The recent paper by Davies! on
the draught of horse ploughs may be cited in this connection. In one
section of his work, for instance, the recorded D.B.P. was used to estimate
the state of consolidation of the ground after different crops. The results
were obtained on different fields and the differences in draught attributed
to the effect of the previous crop. There is no reference to the degree
of uniformity of the soil heyond the statement that ““an examination
of soils...shows a considerable uniformity of texture in every field.”
The recorded values of clay content, however, vary between 10-8 per
cent. and 15 per cent., a degree of variation relatively as great asthose
recorded 1n this paper for Sawyer’s field. Such differences must have
had an important effect on the draught and in view of the fact that
Davies attempted no correction for this, the conclusions drawn are by
no means fully supported by his data.

1 This Journal, 14 (1924), p. 370,
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SUMMARY.

Measurements are recorded of soll resistance to ploughing, taken
with a view to testing the uniformity of a soil over a single field. The
results have beeh examined for significance and indicate large variations
over short distances. The differences have been represented by means
of isodyne contours (.e. lines of equal drawbar pull), dra.W.n on a map.

The importance is emphasised of assuming and allowing for such
variations before drawing conclusions from the drawbar pull recorded
by different implemen s, o

Preliminary work is described showing that the variations are corre-
lated with clay content and also with the growth of a crop in its early
stages, .

{Received 21st May, 1925.)
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STUDIES IN SOIL CULTIVATION.

L. MEASUREMENTS ON THE ROTHAMSTED CLASSICAL
PLOTS BY MEANS OF DYNAMOMETER AND PLOUGH.

By WILLIAM B. HAINES anp BERNARD A. KEEN.
(Sorl Physics Department, Rothomsted Experimental Station, Harpenden.)

(With Plate TT and Six Text-figures.)

Dunineg the course of several seasons of ploughing, dynamometer
measurements of the type described in the previous papers of this
series have been made, as opportunity offered, upon the classical plots
at Rothamsted. These include fields permanently under wheat, barley
and mangolds respectively. The earlier results were analysed on the
assumption of an originally uniform soil, so that the differences shown
between plots were attributed to the effect of manurial treatment and
its secondary influence through the crop. Such comparisons gave results
which appeared very confusing and difficult to reconcile with one another
or with ofher known facts. As soon, however, as the uniformity test
(described in Paper IT) had been made, the reason for the difficulty was
clear. The results have therefore been worked up in the same way as
i the uniformity trial, i.e. by drawing a drawbar pull (D.B.P.}) map
of the field. In this way the actual differences existing are brought out,
and inferences can be made from the shape of the isodynes as to whether
these differences are to be attributed to manurial treatment or to pre-
existing heterogeneity of the soil. When the contours show a sharp
gradient assoclated with the lines dividing different plots then the
effect is clearly referable to the plot treatments, while contour lines
which run across irrespective of the plot houndaries indicate o natural
drift in the soil properties and an absence of artificially induced varia-
tions. Where measurements are available for different years observa-
tions can also be made to discriminate between differences which persist
from year to year and those which may be ascribed to seasonal variations,

Broapsarx PERMANENT WHEAT.

Broadbalk field is divided into narrow plots running the whole length
of the field. For purposes of ploughing the boundaries of the plots
separate the “lands,” the ridges and open furrows alternating each year,
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for the two years 1923 and 19
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The figures for the two years for certain plots are shown in Fig. 1,
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set out side by side, to afford a coniparison. The curves shown were

directly derived from the dynamometer chart for the furrows along
the plots. Tt will be seen that in almost every case the fluctuations
agree in the two years, showing that the soll differences which they .

indicate are permanent ones. Although one year’s figures were for

ploughing up the slope and the other year’s for ploughing down there

i& no discernible difference due to this cause. The agreement between
the absolute values, or the “level” of D.B.P., is not so good. In some
cases the curves for the two years almost coincide, but in others they

are separated by a considerable gap. There is no @ prioit reason to -

expect the same values of D.B.P. in the two years, since in 1923 the
plough had 3 furrows working at 4} in. depth while in 1924 it was

reduced to 2 furrows working at 5% in. depth. But the fact that the -

values coincide in some plots and not in others indicates that there are
seasonal effects which bear more on one plot than on another. The
incidence of such effects is probably accentuated on Broadbalk, as,
owing to its abnormal manurial and cultural treatment, some of the

plots will be more susceptible than others to climatic influences. For.
a field in ordinary cultivation such differential responses would not be -
expected, and the influence of climatic factors is likely to be smaller,

and distributed more uniformly over the area.

- The isodyne map for Broadbalk is shown in Fig. 2. The interval -
between the lines is 100 lb., with the addition, in broken line, of the
hali-way 50 Ib. interval in cases where the gradient is small. PL II:
shows a raised model of this map in which the height of the surface
above the table (v.e. including the legs of the stand) represents. the
"D.B.P. at any point. This model brings out very effectively the large -

variations which occur. : : C
The salient features of the map ave the two patches of heavy land

at the top of the field, of which the one on the left covering Plots 16 to 20 -

is by far the heavier. The D.B.P, rises at this place to 1600 Ih. while
the general level for the field is between 1100 and 1200 1b. There is
another heavy paich lower down with its highest pomt on Plot 14,
while Plot 7 is signally light over almost the whole of its tength. Plot 2,
farmyard manure, has a much lower D.B.P. than the rest of the field.
This is the only case, with the exception of the sharp contrast between
Plots 6 and 7, where a variation in the D.B.P. is clearly attributable
to manurial treatment.

The major variations then, are to be ascribed to the natural soil .

heterogeneity, modified perhaps by certain artificial influences such as

i
S
f

"JOURNAL OF AGRlGULTURAL SCIENGE. Vol. XV. Part [l

Solid model showing variation of Drawbar Pull on Broadbalk.

PLATE H
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the drainage system or the dells produced by digging for chalk in earlier
times. There are a number of dells, which were recorded m 1851 soon
after the field was laid out for experimernt, and a later one near the
top end of Plot 6 produced during the Great War by a bomb. Axn

examination of their positions in conjunction with the isodynes did not

indicate any relationship between D.B.P. and these éhanges in the

contour of field level. _
Several preliminary tests on soil samples from the field bave been

made and the clay content is the factor which has so far shown the

closest relationship with the D.B.P. The samples were taken at spots
1 range of D.B.P. and estimations made of

chosen so as to cover the ful
clay content and moisture content. The clay measurements were made

by means of Robinson’s method®, but the fraction was not ignited. The
moisture figures showed only small variations, which were not corre-
lated with D.B.P. At the time of sampling there was a fine seed-bed
on the field, saturated after a very wet spell, so that the comparative
uniformity of the moisture content 13 10t surprising. The correlation
between clay and D.B.P. was quite clearly marked and is brought out
in the diagram (Fig. 3) where the two sets of values are plotted against
each other.

The drainage system of Broadbalk includes a drain running down
the centre of eail;h plot, with one or two ramifications caused by dells
or cbstacles, and short subsidiary drains for the lower headland and
path. When wet weather sets the drains Tunning the farmyard manure
plot is always noticed to yield the least drainage and is the first, by a
long lead, to stop running. An opportunity was takex, after a rainfall
of 1 in. in a single night, to make some measurements on the rate of
efflux from the drains. The time at which these measutenients were
taken was about 11 a.an. the next morning, when the rate of flow was
already falling off, and the drain to Plot 2 (farmyard manure) had quite
ceased to flow. In Fig. 4 the mean D.B.P. for each plot is shown
graphically along with the rate of efilux from the respective drain.
A very close relationship obviously exists, though it gives the surprising
result that the heaviest plots were flowing the fastest. The last few

lots of the series, numbers 17 to 19, fall out of step for two reasons.
Tn the fizst place Plot 19 gets & large amount of extra drainage from the
side of the field, which has a ditch along part of its length, and in the
second place the D.B.P. figures for Plots 17 and 18 are unduly weighted
by the existence of o very heavy patch of land extending at the top end
over only a small portion of the plots. Since the D.B.P. figures have

1 This Journd, 12, 1922, p. 306.
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alveady been shown to follow the clay content closely, it is plain that
the drainage rate (at the time of measurement) is not governed by the
permeability of the soil per se. Observations made several hours earlier
than the actual measurements led to ¢he estimate that all drains were
flowing at about an equal rate. Apparently, therefore, the soil differ-
ences show up as refentiveness rather than as simple permeability, Tt is
suggested that as the values were obtained towards the end of the fow,
the less permeable plots had held back the water and so had 8 reserve
which caused them to flow for a longer period. A second effect which
would influence the flow in the same way is the difference in the rate
of drainage to the subsoil. A simple calculation shows that if the whole
inch of rain (which fell on to already sodden ground) had come through
the drains, they would have continued to run for at least 40 or 50 hours,
while they actually ran for a small fraction of this (six to eight hours).
Hence the drainage water is only the balance of the water which does
not get right through to the subsoil. This means that the least permeable
subsoils will cause a greater proportion of the water to be side-tracked
into the drains, enabling the drains of the heavier plots to flow for a
longer time than the others. The problem is a highly important one
which will require more extended measurements for its full elzcidation.

Hoos PERMANENT BARLEY.

In the case of the Hoos barley plots complete data were available for

three years, so that seasonal variations were smoothed in the mean .

values (Table II). These values were used for the preparation of Fig. 5,

Table 1. D.B.P. values for Hoos Field Barley Plots in Ib.

1 2 3 4

TUnman- Super-  Alkali  Cemplete
ured phosphate  salts minerais
N Nitrate soda only 1259 1309 13565 1306
1235 1244 1341 1305
€ Rape cake ;1266 1246 1272 1273
6-2 7-2 .

Furnace TFarmyard AAS Nitrate of seda 1299 1270 1278 1269
ashes manure AA » 1273 1260 1281 1245
1225 1187 . y 1274 1236 1235 1230

;1203 1221 A Awmoniunu sulphate { 1286 1267 1213 1239
1241 {1325 1352 1303 1297 1260

i1380 %1376 O Unmarured 21370 1288 1301 12903
6-1 71

Unmanured Unmanured

which shows the isodyne map for this field. Each plof was halved for
purposes of caleulation, giving plots about 24 yards square. The map

shows much greater uniformity in the soil than th
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o other cases so

i b ith
treated. The interval between the lines has belelm redu(lehd t:;; 13?1 ]]:Z):) fw;he
)t i 5 1b. intervals, Especially over the
oken lines showing 25 lb. interva . A
E:I)ge:h;re is great uniformity. Patches coverng several plots oceur

ro or three
P. do not vary by more than two or
e e s Sovemal of ?:he plots 3;how marked differences due

.. i liohter
receiving farmyard manure is lig

W. B. Hangs axd B. A. KEex

parts per thousand. Several of -
to cultural treatment. Plot 7-2

than any other plot of the series. The unmanured plot, 1-0, is dis-

ini : -1, is not so
tinetly heavier to work. The remaining unmanured plot, 6-1, 18 o

Tig. 5. Hoos permanent barley, Contours, D.B.P. in lb,

heavy on the average as 1-0. The results for Plot 7-1 sho?ld bel élg;:ei;
This plot received 14 tons of farmyard manure annually} {;fo;ln o2 v
1871, since which date it has been 1.1111nanured. The yécLh. (')Swusuénj;
still persistently above that of the ad]a.cent plot, .6—1, an '(bi is ;mometer
ascribed to a residual effect of the earlle_r manuring. The byn momele!
results show that no residual physical 1mp1‘o.vement‘c&n Te i Dutec
to the organic manuring. The AAS plots Whls}]; r{j:iwr;és;t;zan e g)ut oo
.on strips 1 and 4, an increase over the \

z];{z(;:ngy to 'hlzgher values is bavely perceptible m the‘ o’ohg?s;E FCc:ntlgz,
rest of the field the uniformity is such that no certam_. ede'c ih e
ascribed to cultural treatment. The map has been examined m the ig
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of other known facts such as the higher caleium carbonate content on
strip 41, but no further conclusions seem to emerge.

BARNFIELD PERMANENT MANGOLD PLOTS (Fig. 6).

Owing to the lateness of the season when Bamnfield comes into the-
farm programme it is often impossible to get the tractor on to the land,
so that only one occasion has so far arizen on which a set of dynamometer
readings could be taken. Tt is proposed to adapt the dynamometer to
work with horse traction, but the change has not yet been effected.
The width of the plots allows both up and down ploughing to take place

Seale ¢ 200 et / M

1000 g /’
S

N
o+ Ly O =~ o

Fig. 6. Barnfield permanent mangolds, Contours, D,B.P, in 1b,

on every plot. As the measured furrows were taken immediately after

‘900 ) > 2
k\\_-——d 1500 1
Z\F\ S 550 ) =
N A AC C

the work was opened up they gave values of D.B.P. for each side of

the plots (one up and one down the field). When these were placed in
their appropriate position on a plan of the field the values came together
in pairs on either side of the plot boundaries. Each pair were for the
most part (i.e. except on the slope) very similar, as they should be for
parallel furrows. This is further evidence that the differences due to
cultural treatment are small compared with the “natural” differences.

Barnfield has a more marked slope than any of the other fields. The
slope is downward over the A and N plots to the valley, with a value
of 1 in 22, and there is also a slight fall over the N plots from Plot 1

L A, D. Hall and N, H. 8. Miller. Proc. Roy. Soc. B. 77 (1805}, p. 10

Form

o

i,
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to Plot 8. The isodyne of lowest value (1000 Ib.), forming a ring on Plots
N 7and 8, corresponds exactly to the lowest part in the dip of the field,
while the next line (1100) shows a great tendency to follow the same
direction as the contour of level.

A ridge of high values runs along the plots known as the “Valley,”
which receive no manurial dressing. The bad state of the soil was probably
the original reason for leaving this strip out of the experiment; this has
been enhanced by the low level of cultivation resulting. The values of
D.B.P. along strip 1 (14 tons farmyard manure annually} present inter-
esting features. They are very much higher than would be expected
in view of the manuring. At the outer edge of this strip (which is-bounded
by a bank marking a sudden rise in ground level of a foot or so) the

" depth of soil overlying the clay is very small. With horse ploughing the

depth of furrow had always been adjusted by the ploughman according
to the thickness of the soil layer. The present occasion was the first on
which a tractor plough had been used and the furrow slice was cut at a
uniform depth. Thus where the soil was thin the ploughshare at times
went well into the subsoil clay, so giving rise fo a large increase in
D.B.P. Liven when allowance is made for thig, the values over the whole
plot give rise to the suspicion thaf the ameliorating effect of farmyard

-manure is by no means shown as it is on the corresponding plots of

Broadbalk and Hoos field. This suspicion has been confirmed by obser-
vation on the cultivation operations carried out in the past few months.
Owing to the abnormal conditions, ploughing had to be deferred untii
after the winter. When the field was plouwghed in March, strips 1 and 2
receiving farmyard manure behaved in a strikingly different manner
from the rest of the field. The freshly turned furrows were of a cheese-
or putty-like cousistency, and some days after ploughing contained
259 per cent. of water as against 15-3 per cent. on the strips receiving
a complete artificial manure, an excess considerably greater than
normally expected from the difference in organic matter content on the
two piots. Reference to the experiments on surface fricfion of moist
soil already published in this Journall will show that increased dranght
in ploughing would be expected at a moisture content of 18 per cent.
The increased draught on these plots was unmistakable and an extra
horse had to be added to the team. A further indication of the heavy
state of the farmyard manure strips was obtained from observation of
the furrows as they dried out. The rest of the field dried out normally

1 W. B. Haines, “*Studies in the physical properties of soil (I).” This Jowrnal, 15
(19253, p. 197,
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and the crumbly furrows were comparatively easily pulled down and
shattered by the cultivator. The farmyasd manure farrows on the other
hand passed through no such stage: the sticky furrow slices remained
intact and dried out into iron-hard clods. Several alternations of wetting
and drying were insufficient to produce more than & moderate amelio-
rating effect, and, in the end, a tilth had to be forced. It is difficult to
give the exact reason for these ahnormal effects. The manure is of course
applied annually in large quantities, the impervious clay subsoil has
prevented proper aeration and drainage, especially in the past two web
seasons, and it is possible that under these conditions the manure has
not followed a normal decomposition process. The normal products,
which by their mechanical and physico-chemical effects turn the soil into
a friable and easily ploughed condition, may have therefore been absent
or considerably reduced. A close examination of the furrows showed
that some of the manure applied 12 months previously was only partly

decomposed, a fact which lends some support to the possibility s_ug-':

gested above,

SUMMARY.

Maps of soil resistance to ploughing have been drawn up from the

dynamometer readings over several seasons for the Rothamsted classical
plots, carrying wheat, barley and roots respectively.

The conclusions as to the effect of manurial treatment are ouly of

a general nature at the present stage of the work. Such differences are
certainly small in comparison with the natural variations in the soil.

In the case of the Broadbalk wheat plots the drawbar pull values

have been shown to have a close relationship with the clay content of
the soil and with certain aspects of the soil drainage.

{Received 21st May, 1925.
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ALKALI INVESTIGATIONS IN THE SUDAN.

By A. F. JOSEPH.
(Wellcome Tropical Besearch Laboratories, Khartoum.)

(With One Text-figure.)

1. Introduction. Tn a paper recently published on the soils of this
country (1), reference is made to the area known as the Gezira where
important developments in cotton growing are now taking place: the
area under cultivation will shortly be increased owing to the completion
of the Sennar Dam, which will ¢command several million acres®. The
soil consists of a brown heavy clay rather high in water-soluble salts
and possessing considerable alkalinity, and the irrigation programme
has necessitated large and small scale agricuitural experiments which
have been carried out for over fen years and have provided material
for the investigations on soil alkali which form the subject of this paper.

The origin of the soil is aeolian, but that of the soil salts has not
veb been determined, as they might be formed by decompositions in sifu,
or have been brought with the deposited soil, or deposited from solution
of the water of the Nile. A general description of the area with mechanical
and chemical analyses was given in 1911 by Beam@): the ultimate
analyses of the various soil fractions will be found in the first paper
referred to. Additional data for the mineral composition of the whole
soil are given below: these have been calculated from the results pub-
lished previously for the typical first foot sample for which the actual
analysis is given in d):

Table I. )

Bilica 8i0, v 4828
Aluminium ALO, e 1497
Iron Oxide Fe,O4 9-01
Titaninm Oxide TiO, ... 231
Manganese Oxide MnO ... . ... 0-28
Lime Cat} 733
Magnesia MgO ... 1-37
Potash K,0 0-31
Soda Na,O v o 041
Phosphoric Oxide P,0; ... 12
Carbonic Acid CO, 471
Volatile matter (H,0 ete.) 944

Total e 9944

1 The area lies near the west bank of the Blue Nile between parallels 14° and 15° North.
Journ. of Agrie. Sci. xv 28





