












































400 Studdics in Soil Cultivation

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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402 Studdies tn Soil Cultivation

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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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
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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
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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





