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of ammonia in the experiments at Rothamsted and at outside

centres inspected by us were as follows :
—

1922
Rothamsted.

1923
Rothamsted.

1924
Rothamsted. Outside

Centres.

Average of all Soils

and Seasons to

1920

Wheat, bu. ...

Barley, bu. ...

Oats, bu.

Potatoes, cwt.

Swedes, cwt.

3-25

5-5

20
20

4-5

8.3

22-25
25

8-16

20
5-9

4-3-6
3-5

30

4-5

6-5

7

20
20 N.
10 S.

Country
Country

SIZE OF DRESSING AND TIME OF APPLICATION.

The effect of doubling the nitrogenous dressing and supply-
ing 2 cwt. sulphate of ammonia per acre is to give a further

increase in crop. In the case of cereals this second increase is

not infrequently greater than the first, so that the effect of the

double dressing is to give more than double the increase obtained
from the single one. This was shown both in 1923 and 1924;
the yields per acre were :

—

No
Nitrogen.

1 cwt.

Sulphate of

Ammonia.

2 cwt.

Sulhpate of

Ammonia.

Increment in Yield for

1st cwt. 2nd cwt.

1923 Oats, bu ...

Straw, cwt.
1924 Barley, bu.

29-2

19

23-9

37-3

26
32-5

46-5
36
42-7

8-1

7

8-6

9-2

10
10-2

In the case of potatoes, however, the second increment in

yield is usually less than the first, though the total effect of the

higher dressing still remains profitable because of the higher
value of the potato crop.

The results have been, in tons per acre :
—

1923
1924

No
Nitrogen.

120
8-0

11 cwt.

Sulphate of
Ammonia.

13-7

9-5

3 cwt.

Sulphate of
Ammonia.

151
9-4

41 cwt.

Sulphate of
Ammonia.

14-8

Increment in Yield for
1st 2nd 3rd

dose. dose. dose.

1-7

1-5

1-4

Nil

Nil

The effect of the nitrogenous dressing depends on its time of

application. For cereals it has happened that the later dressings,
especially when large, have been more effective than the earlier
ones (p. 118). For potatoes it has hitherto always happened at

Rothamsted that the application of the sulphate of ammonia with
the seed has been more effective than the later top dressing when
the plants are showing through the ground. Swedes appear to
behave in the opposite way. The physiological basis of this

problem of nitrogen intake and nitrogenous efficiency is being
studied by Dr. Gregory.
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CHLORIDES AND SULPHATES AS FERTILISERS.

Farmers now have the choice of muriate or sulphate of

potash : and they can also have the choice of muriate or sulphate
of ammonia. The experiments with potassic fertilisers are de-

scribed under M Potatoes." Our experience with the muriate of

ammonia is that it is less effective than the sulphate for potatoes
but more effective for barley. The difference depends on the

rainfall during the months of March, April and May and becomes
less as the rainfall increases. The average of all the results at

Rothamsted has been as follows :
—

1924

Effectiveness of muriate when that of

Sulphate = 100 Corn ...

Potatoes

Rainfall—March, April and May (inches)

104
100
8-95

*Crop almost failed ;
2 tons per acre only.

The chloride of ammonia has had a remarkable effect on the

grain of barley as is described below.

BARLEY.

During the past three years an extended investigation into

the effect of manures on the yield and quality of barley has been
carried out at Rothamsted and on certain good barley farms in

various parts of the country, the work being done in connection

with the Research Scheme of the Institute of Brewing. The

variety grown is Plumage Archer, and seed from one and the

same field was used at all the centres.

The results show a considerable degree of concordance among
themselves, but they differ in several important respects from
the current teachings of agricultural science. It is usually recom-
mended that the manuring for barley should be mainly phosphatic,

nitrogen being given only after a corn crop and potash but rarely.
Out of 30 different tests this recommendation would have involved

loss of money in no less than 26. The actual yields are given
on p. 114; the average reduction in yield in bushels per acre,

consequent on the omission of each fertiliser during the three

years 1922, 1923 and 1924, has been :—

Decrease due to omission
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The reasons for this unexpected result are probably two :
—

1. The modern varieties of high quality barley, such as

Plumage Archer, are stiffer in the straw than the older ones, and
therefore can carry larger crops of grain without risk of being

lodged. Apparently, therefore, they can safely receive more

nitrogenous manuring.
2. Good farmers now realise the importance of giving ample

dressings of superphosphate to their root crops and sufficient of

this fertiliser generally remains in the soil to satisfy the needs of

the barley. Potash and phosphates intended tor the seeds mixture

can, of course, be applied to the barley in which they are sown.
The barley may derive benefit, but the profit from these manures
must come from the seeds.

One of the distinguishing features of the scheme is that all

the experimental barleys are examined by expert maltsters

appointed by the Institute of Brewing Research Committee, and
are afterwards malted separately and the malts fully analysed.

It is shown that the use of a nitrogenous manure even after

roots folded off has not adversely affected the valuation of the

barley or the value of the malt, but that the omission of potash
from the manure lowered some of the desirable qualities of the

malt in 1922, though not apparently in 1923. At each centre the

heaviest crops obtainable by manuring have been valued as high,
or nearly as high, per quarter, as any other samples of the same
set, and it is clear that manurial schemes can be devised which
will enhance the present yield without detriment to valuation.

So far as the investigation has gone it suggests that farmers

using a good modern variety of barley can aim at the biggest
crop that will stand, and they can use the appropriate fertiliser

to secure this without fear of loss of valuation.

Thus, for the season 1923, the figures for valuation were :—

Valuation
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The result is all the more interesting in that this is the only
manurial method hitherto tested which has consistently improved
the quality of the grain. Other treatments have acted sometimes
one way and sometimes the other, the change being usually small

and unpredictable.
When yield is combined with the valuation and allowance is

made for tail corn there is found to be a considerable difference

in money value per acre in favour of the chloride :
—

Yield (measured bushels per acre) and Money Value of Barley

per Acre.

Sulphate of Ammonium.

Money Value

per Acre.

Ammonium Chloride.

... ,. Money Value
Yield -

per Acre.

Difference in favour of
Chloride as against

Sulphate.

1922
1923
1924

36.0
32.5
29.8

136/-

239/-
238/-

35.7
35.6
29.7

156/-

265/-
249/-

20/-
26/-
11/-

In the course of the work it has become clear that the method
of valuation commonly adopted does not always work out quite

fairly either to the buyer or the farmer. On the loams the estimate

has usually been tolerably correct; the value of the malt
obtained has paid the cost of the barley, the transport, expenses
and profits of malting and other charges. But on the lighter

soils, the barley has not generally been as good as it looked, so

that the value of the resulting malt did not pay all the charges.
On the chalk and limestone soils the barley turned out better

than it looked ; the farmer received less than he deserved and the

malt gave an additional profit to the maltster.

These results are quite intelligible. The buyer judges from
certain external appearances of the barley which are on the whole
correlated with the value of the resulting malt. But the correla-

tions between the external characteristics and chemical composi-
tion are liable to be affected by changes in environment, and it

need occasion no surprise that a correlation holding good on loams

may be modified in one direction on a sandy soil, and in another
on a chalk soil.

The malting and brewing part of the investigation lies outside

the scope of Rothamsted, and is carried out entirely by the In-

stitute of Brewing, but the Station, at the cordial invitation of

the Institute, is keeping in close touch with the work.

BASIC SLAG AND GRASS LAND.

It is well known that basic slag produces excellent results
on many grass fields, especially on the Boulder clays where there
is much bent grass and only little wild white clover, but on a

number of fields it fails to act.

Two causes of failure are already known, and methods of

dealing with them have been worked out :
—

(1) The land may be too sour, requiring a dressing of

lime before the slag can act.
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(2) There may be insufficient potash ;
this may be sup-

plied by addition of kainit, 20 per cent, potash salts,

etc.

All basic slags, however, do not behave alike. Examination

shows that they fall into two great groups : those in the making
of which fluorspar was used : and those to which no fluorspar
was added. Field experience shows that the fluorspar slags are

often less effective than the others : chemical examination indicates

that they contain some of their phosphate in the form of fluorapa-

tite, a substance having little, if any, value to plants. The

slags free from fluorspar, on the other hand, contain some, if not

all, of their phosphate in the form of silico-phosphate, which is

of very considerable value to plants. Mr. Page has developed a

method for ascertaining the amount of fluorine in slags, from

which can be calculated the maximum value for the quantity of

fluorapatite present. Some of the results are :
—
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The new method does not, however, enable the slag to be

completely characterised and there are still differences in effective-

ness which cannot be explained. Slags No. 1, 6, 7 and 8 were

compared in the sheep grazing trials at Rothamsted over a period
of four years. The gains in live weight of sheep over those

obtained on the unmanured plots have been :
—
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the salt. This is to some extent mitigated by additions of dung,
but the crop always falls below that obtainable from the muriate

or the sulphate. The results at Rothamsted are :
—

Yield of Potatoes when Sulphate of Potash is Used = 100.
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GREEN MANURING.
The importance of increasing the amount of organic matter

in the soil is widely recognised, and experiments have been carried

out at Rothamsted for some years to determine the best ways in

which this could be done. Mr. Page has been studying green

manuring, and he has now been able, thanks to the intervention

of the Research Council of the Royal Agricultural Society, to

arrange for a number of experiments at outside centres, and thus

to obtain direct information on the extent to which soil and
climatic factors influence the method.

In practice two kinds of green manuring are possible, though
they are not always practicable :

—
1. Summer catch crops may be turned in before the winter

corn.

2. Winter catch crops may be turned in before roots.

In general, the first method can be practiced only on fallow land,

early ploughed seeds leys, or land that has carried a crop harvested

early, such as a silage or soiling crop. The eastern counties

appear to offer the best opportunities for success.

Trials of this method, using mustard as the green crop, are

in progress at six centres, one in the west (Gloucestershire), and
five in the east (Kent (2), Suffolk, Beds, and Northants.). The
results of the test at Rothamsted give a forcible illustration of

its value. Mustard was sown on the bare fallow after cleaning
on 20th August, 1923. It was turned under on October 18th,

and winter oats wire drilled at once. The yields of oats in

August, 1924, were as follows :
—
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in the spring before the roots. The fact that the corn harvest is

earlier in this part of the country, so that green crops can be sown

earlier, also helps. Outside of this region autumn sown green

crops do not in general make enough growth by the spring to be

useful for green manuring purposes; this has happened at

Rothamsted for three successive seasons (1921-1924).
The problem therefore arises of finding a system of green

manuring for roots which is applicable to the colder northern

and eastern districts.

Undersowing of green crops in the corn, and possible new

crops are being tried : and at certain centres the relative economic
values of folding the green crops to sheep, and of turning them
in for manure, are being ascertained.

THE LEGUMINOUS CROPS.

Considerable attention has been devoted to the leguminous

crops, owing to their great importance in the rotation and as

stock foods. The effect of manures applied to the barley on the

clover sown in is shown on pp. 114, 115. Sulphate of ammonia
had no bad effect on the clover although it increased the yield of

barley. We have met cases where the application of sulphate of

ammonia to barley reduced the yield of the clover, but in our

experience this happens only when the land badly needs lime, and
it is attributable to the increased acidity which sulphate of

ammonia is liable to produce on such soils. The phosphate
apparently had no action while the potash exerted a distinct

residual effect, giving an additional 6 cwts. of clover hay in 1924
and 12 cwts. in 1923. The results indicate that potash should be

applied to the clover if the barley crop has been good, unless it

has already been given to the barley.

Inoculation of leguminous crops, especially lucerne.

Ever since 1890, when Hellriegel and Wilfarth discovered
that leguminous plants live in association with micro-organisms
inhabiting the nodules on their roots, efforts have been made to

improve the growth of leguminous crops by adding the appro-
priate organisms to the soil. Some successes were obtained on
the Continent, but the method failed in this country; the results

at Rothamsted in 1906 and 1907 were not then considered suf-

ficiently good to justify extension to farm practice.
There is no doubt, however, that for certain crops the prin-

ciple is sound
;

the failure of inoculation in Britain must
be attributed to the lack of compliance with the conditions

necessary to success. During the past three years the whole

subject has been re-examined in the Bacteriological Department.
The subject affords an admirable illustration of the way in

which a practical problem of great importance remains unsolved,
in spite of many empirical efforts, until the underlying principles
have first been studied and a solid groundwork of definitely

ascert .lined facts has been obtained.

The failure of inoculation in many cases has been traced
to the Circumstance that the organisms were already present in

il, but pome condifn i : 1 1 t<> the growth of the plant
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