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ORIGIN, SCOPE, AND PLAN,

OF THE

ROTHAMSTED EXPERIMENTS.0®

Mzr. (afterwards Sir) Jomn Benwer Lawes ‘was the founder of the Rothamsted Experimental
Station. He commenced experiments with different manuring substances, first with plants in
| pots, and afterwards in the field, soon after entering into possession of his hereditary property
at Rothamsted? in 1834. The researches of De Sauesure on vegetation were the chief subjects
of his study to this end. Of all the experiments so made, those in which the neutral
phosphate of lime, in bones, bone-ash, and apatite, was rendered soluble by means of sulphuric
' acid, and the mixture applied for root-crops, gave the most striking results. The results
obtained on a small seale in 1837, 1838, and 1889, were such as to lead to more extensive
trials in the field in 1840 and 1841, and subsequently.

In 1843, more systematic field experiments were commenced; and a barn, which had
previously been partially applied to laboratory purposes, became almost exclusively devoted
to agricultural investigations. The foundation of the Rothamsted Experimental Station may be
said to date from that time (1843 ).

The Rothamsted station has from the commencement been entirely disconnected from
any external organization, and has been maintained entirely at the cost of the late Sir John
Lawes. It had in previous years been stated, that he had further set apart a sum of
£100,000, the Laboratory, and certain areas of land, for the continuance of the investigations
after his death. In February 1889, Trustees were appointed, and the necessary Trust Deed
was executed ; and, in accordance with the provisions of the Deed, a Committee of Management
was soon afterwards appointed, and entered upon its duties.

(") The statement of the origin, scope, and plan, of the Rothamsted Investigations, was originally drawn up
in answer to a circular letter issued by a Committee appointed to arrange for the commemoration of the
twenty-fifth anniversary of the establisliment of the First Experimental Station in Germany (Méckern),
which was held in Leipzig in September 1877. The precise form of the statement depended on the ordor
and form of the questions to which it was an answer. It was published in German, almost in full, with the
| series of reports of other Experimental Stations, which was issued at the time of the Jubilee Meeting. (Die
landwirthsehaftlichen Versuchs-Stationen. Band xxii. 1877.) To the general statement, which is annually
given in the form in which it was originally drawn up, but which is each year corrected up to date, ave appended
lists of the titles of all the papers alveady published, with full reference to the Journals in which they appenred.

(®) Rothamsted is in Hertfordshire, twenty-five miles from London, on the Midland Railway; Station,
Harpenden. Postal address—Harpenden, St. Albans. Telegraphic address—Harpenden,
N.B.—It is requested that those wishing to inspect the experiments will give notice, either by letter
or telegram, to Sir J. Henry Gilbert, as to the time of their intended visit,
B 2
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The Trustees are :—

Lord Avesury, F.R.8. | Lorp WaLsmvauam, F.R.S,
Sir Joan Evaws, K.C.B.,, F.R.S.

The Committee consists of nine Members :—

Bir Joux vans, K.C.1B., F.R.S. (Chairman) 5 v Nominated by :—

Dy, Hugo Minuer, RS, (Treasurer ; 4 2 ) ]

Sir Mionaen Fosver, K.C.lg., M.P., S)ec. R.8. - The Royal Society.

Dr. Horace I'. Brows, FLR.S. . i K i 5

Professor H. I8 Aumsrrone, LL.D., F.R.S.. 5 . The Chemieal Socieby,
Wintias Carruruens, Esq., RR.S. . § i . The Linnean Society.
Sir Joux H. TooroLv, Bart,, LL.D. . ; . ] The Royal Agrieultural
Dy, Jonn A. Voprexker, M.A, . . 5 o : Bociety of England,

And Sir Coarnes B. Lawss, Bart.

From June 1843, up to the time of Sir John Bennet Lawes’ death in August 1900,
Dr. (now Sir) J. Henry Gilbert was associated with him in the conduct of the experiments,
and has had the direction of the laboratory,

In 1854-5 a new laboratory was built, by public subscription of agriculturists, and was
prosented to Sir John Lawes in July 1855, from which date the old barn-laboratory was
abandoned, and the new one has been oceupied.

The number of assistants and other helps has increased from time to time. At first only
one laboratory man was employed ; but very soon a chemical assistant was necessary, and next
a computer and record-keeper,

For many years the staff hag consisted of—

One or two, and sometimes three, chemists.

Two or three general assistants. One of these is usually employed in routine chemical
work, but sometimes in more general work. The chief occupation of the general assistants
is to superintend the field experiments—that i, the woighing and mixing of the manures, the
measurement of the plots, the application of the manures, and the harvesting of the erops ;
also, the taking of samples, the preparation of them for preservation or analysis, and the
determinations of dry matter, ash, &e. Theso assistants also keep the meteorological records,
and superintend any experiments made with animals,

A botanical assistant has also occasionally been employed, with from three to six boys
under him ; and with him has been associated one of the permanent éeneral asgistants, who at
other times undertakes the botanical work.

Two or three (and gometimes four) computers and record-keepers have been occupied in
caleulating and tabulating field, foeding, and laboratory results, copying, &e.

A laboratory man, and other helps, are also employed. ’

Besides the permanent laboratory staff, chemical assistance has frequently been engaged
in London, or elsewhere. In this way, Mr. R. Richter, now of Charlottenburg (Berlin), but
who was for some years in the Rothamsted Laborator » has executed much analytical work sent
from Rothamsted. He has, in fact, here and at Charlottenburg, made about 900 complete
analyses of the ashes of various products, animal and vegetable, of known history.

The field experiments, and occasionally feeding experiments, also employ a considerablo
but a very variable number of agricultural lahourers, '

There is now w collection of about 50,000 bottles of swmples of oxperimentally-grown
vegetable produce, of animal produets, of ashes, or of soils, hesides some thousands of sumples
not in bottles; and, the Laboratory having become very inconveniently full, & new detached
building—a “Sample House "—was erected in the antumn of 1888, comprising fwo large
rooms for the storing of specimens, and for some processes of preparation, and also
drying room. The Laboratory, where a very large number of specimens, and the recovds, will
still be kept, is thus relieved of the heavier, the more bulky, and the more combustible, of itg
former contents, and also of the risk of fire from stove-drying.

Nothing has been done at Rothamsted in the way of manure, feeding-stuff, or seed-control,

The investigations may be classed under two heads -

pp 6
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IL—FIELD EXPERIMENTS, EXPERIMENTS ON VEGETATION, Ero.

The general scope and plan of the field experiments has been :—

To grow some of the most important crops of rotation, each separately, year after year, for
many years in succession on the same land, without manure, with farmyard-manure, and with o
great variety of chemical manures; the same description of manure being, as a rule, applied
year after year on the same plot. Experiments on an actual course of rotation, without
manure, and with different manures, have also been made. In this way field experiments have
been conducted for the periods, and over the areas, indicated in the following Table:-—

| CROPS. ’ Duration, Area, Plots. r
\
l Years, Acres, |
‘Wheat (various manures) . { 58 11 ! 34 (or 37) (")
Wheat, alternated with Fallow 50 1 2 ‘
Wheat (varieties) : 15 4-8 about 20
Barley (various manules) H 50 41 29
Oats (various manures) .. .. .. 10 () 0% 6 |
Beans (various manures) .. .. .. 32 (9 i 10
Beans (various manures) . S 27 (®) 1 5
Beans, alternated with Whea.t o 28 (*) 1 10
Clover (various manures) ., .. .. 29 (%) 3 18
Various Leguminous Plants .. .. 24 3 18 (®)
Turnips (various manures) .. .. 28 (%9 8 40
| Sugar Beet (various manures) .. 5 8 41
| Mangel-Wurzel (variots manures) .. 26 8 41
Total Root Crops .. 59
|——
Potatoes (various manures) .. .. 1 26 2 10
Rotation (various manures) 54 3 12
Permanent Grass (various manu.res) 46 7 22 |
|

® Including 1 year Fallow,

(®) Including 1 year Wheat, and 5 years Fallow.

) Including 4 years Fallow, (*) Including 2 years Fallow.

(*) Clover, 12 times sown (first in 1848), 8 );eldmg crops, but 4 of these
very small, 1 yenr Wheat, 5 years Barley, 12 years Fallow.

© Inc]udmg Barley without Manure 3 years (11th, 12th, and 13th seasons).

(") Reduced to 19 plots in 1894 and since (see plan, p. 28 also deseription,
p. 31). (*) Reduced in 1898 to gths of an acre, and to 5 plots.

Comparative experiments with different manures have also been made on other descriptions
of goil, in other localities.

Samples of all the experimental crops are taken, and brought to the laboratory. Weighed
portions of each are partially dried, and preserved for future reference or analysis. Duplicate
weighed portions of each are dried at 100° C., the dry matter is determined, and it is then
burnt to ash on platinum shéets, in cast-iron muffles. The quantities of ash are determined and
recorded, and the ashes themselves are preserved for reference, or analysis.

In a large proportion of the samples the nitrogen is determined ; and in some the amount
existing as albuminoids, amides, and nitric acid.

In selected cases, illustrating the influence of season, manures, exhaustion, &c., complete
ash-analyses have been made, numbering in all more than 800.

Also in selected cases, illustrating the influence of season and manuring, quantities of
the experimentally-grown Wheat grain have been sent to the mill, and the proportion and
composition of the different mill-products determined.

In the Sugar Beet, Mangel-Wurzel, and Potatoes, the sugar has in many cases been
determined by polariscope, and frequently by copper also.

In the case of the experiments on the Mixed Herbage of Permanent Grass-land, besides the
samples taken for the determination of the chemical composition (dry matter, ash, nitrogen,
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woody fibre, fatty matter, and composition of ash), carefully averaged samples have frequently |
been taken for the determination of the botanical composition. In this way, on four occasions,

at intervals of five years—viz., in 1862, 1867, 1872, and 1877—a sample of the produce of

each plot was taken, and submitted to careful botanical separation, and the percentage, by

woight, of each species in the mixed herbage determined. Partial separations, in the case of

samples from selected plots (frequently of both first and second erops), have also been made in

many other years.

INvEsTIGATION OF So1Ls,

Samples of the soils of most of the experimental plots have been taken from time to time,
generally to the depth of 9, 18, and 27 inches, sometimes to twice, and sometimes, for special
purposes, to even four times this depth; samples being taken at two, or sometimes even at
eight places, on the same plot. In this way more than 4200 individual samples have been
taken; but sometimes those of corresponding depth from the different places on the same plot,
have been at once mixed, so that the number for analysis has thus been reduced by about two-
fifths. The individual or mixed samples are submitted to partial mechanical separation ;
generally some further mixtures are then made; and weighed portions (frequently several),
of the individual or mixed sifted soils, are carefully preserved for analysis. In a large
number of samples the loss on drying at different temperatures, and at ignition, has been
determined. In most the nitrogen has been determined, in many by the soda-lime method, but
in recent years the Kjeldahl method has also been used. In many the earbon, and in many
the nitrogen as nitric acid, and the chlorine, have been determined. Some experiments have
also been made on the comparative absorptive capacity (for water and ammonia) of the different
goils and subsoils, The systematic investigation of the amount, and the condition, of the
nitrogen, and of some of the more important mineral constituents, of the soils of the different
plots, and from different depths, has been undertaken, and is from time to time recurred to. >
The results of the numerous investigations of the Rothamsted soils were last year brought
together, and were, under the auspices of the Lawes Agricultural Trust Committee, made the
subject of a series of lectures by Dr. Bernard Dyer, which he delivered at the Convention of
the Association of American Agricultural Colleges and Experiment Stations, held at New
Haven, Conn., U.S.A., in November 1900. It is hoped that the lectures, ineluding the whole
of the results in question, will be published by the United States Department of Agriculture
in the course of the present year.

RaINFALL AND DRAINAGE.

Almost from the commencement of the field experiments the rainfall has been measured,
for more than forty-eight years in a gauge of one-thousandth of an acre avea, as well as in an
ordinary small funnel-gauge of 5 inches diameter. An 8-inch “ Board of Trade copper gauge
has also been in use since January 1, 1881. The nitrogen, as ammonia and as nitric acid, has
periodically, and for some years past monthly, been determined in the rain waters. The chlorine
has been determined in a considerable series of samples ; and sometimes the sulphuric acid also.

Three  drain-gauges,” also each of one-thousandth of an acre area, for the determination of
the quantity and composition of the water percolating respectively through 20 inches, 40 inches,
and 60 inches depth of soil (with its subsoil in natural state of consolidation) were constructed
in 1870. A more numerous series of smaller ¢ drain-gauges,” arranged for the investigation of
the influence of different crops, and of different manures, on the amount and composition of
the drainage waters, were constructed in 1874 ; but they proved mot to be water-tight, and
have therefore not been used.

Tach of the differently manured plots of the permanent experimental Wheat-field having
a separate pipe-drain, samples of the drainage waters have been, and are still, collected and
analysed. For the purpose of collection, an open pit was, in 1866, dug at the point of junction
of each individual plot-drain with the main cross-drain, and the connection broken., The
collection-pits were, however, 22 yards further from the manure- and crop-line of the

https://doi.org/10.23637/ERADOC-1-229 pp 8
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plots at one side of the field than at the other. During the spring of 1896, a brick
trench, 434 feet long, and nearly 8 feet wide and deep, was constructed, at a uniform
distance from the manure- and crop-line of all the plots, into which the plot-drain of each was
brought; a length of cement-jointed glazed piping being substituted for the ©horse-shoe
and sole” drains, up to within 6 feet of the manure- and crop-line, thus equalising and
lessening the distance that the unjointed drains run under unmanured and uncropped land
subject to the passage downwards of surface-water. This arrangement for the better colleetion
of the drainage water from the experimental plots has already been found to be a great
improvement ; and it will doubtless prove of much value in the future.

+ More than 25 years ago, Professor Frankland determined the nitrogen, as ammonia, as
nitric acid, and as organic nitrogen, and also some other constituents, in many samples both
of the rain and of the various drainage-waters collected at Rothamsted. The late Dr. Voelcker
also determined the combined nitrogen, and likewise the incombustible constituents, in sixty-
five samples of the drainage-waters. And Dr. W. J. Russell has determined the sulphuric acid
in some of the monthly mixed samples of rain-water.

The nitrogen existing as nitric acid, sometimes that in other forms, and also some other
constituents, are, and for some time past have been, determined periodically, in the Rothamsted
Laboratory, in both the rain and the various drainage waters.

Avount o Warer TrRANSPIRED BY PLANTS.

Commencing in 1849, experiments were made, for ten years in succession, to determine the
amount of water given off by plants during their growth, In this way various plants, including
representatives of the gramineous, the leguminous, and other Orders, were experimented upon.
Similar experiments were also made with various evergreen and deciduous trees.

Boranicar, CHARAOTERISTICS, &O.

Having regard to the difference in the character and amount of the constituents assimilated
by plants of different botanical relationships, under equal external conditions, or by the same
description of plants, under varying conditions, observations have been made on the character and
range of the roots of different plants, and on their relative development of stem, leaf, &ec.
In the case of various crops, but more especially with Wheat and Beans, samples have been taken
at different stages of growth, and the composition determined, in more or less detail, some-
times of the entire plant, and sometimes of the separated parts. In a few cases, the amounts ‘
of dry matter, ash, nitrogen, &c., in the above-ground growth of a given area, at different stages
of development, have been determined. The amounts of stubble of different crops have also
occasionally been estimated. [Experiments have also been made to ascertain approximately the
acidity of the root-sap of a large number of plants representing various Natural Orders.

EXPERIMENTS ON THE ASSIMILATION oF FREE NITROGEN.

Experiments were commenced in 1857, and conducted for several years in succession, to
determine whether plants assimilate free or uncombined nitrogen, and also various collateral ‘
points. Plants of the gramineous, the leguminous, and of other families, were operated upon.
The late Dr. Pugh took a prominent part in this inquiry. The conclusion arrived at was
that our agricultural plants do not themselves directly assimilate the free nitrogen of the air
by their leaves.

In recent yoars, however, the question has assumed quite a new aspect. It now is—
whether the free nitrogen of the atmosphere is brought into combination under the influence
of micro-organisms, or other low forms, either within the soil, or in symbiosis with a higher ‘
plant, thus serving indirectly as a source of nitrogen to plants of a higher order. Considering ‘
that the results of Hellriegel and Wilfarth on this point were, if confirmed, of great significance
and importance, it was decided to make experiments at Rothamsted on somewhat similar lines. ‘
Accordingly, a preliminary series was undertaken in 1888 ; more cxtended series were con-
ducted in 1889, and in 1890; and the investigation was continued up to the commencement

1 i
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of the year 1895. Further experiments relating to certain aspects of the subject were com-
menced in 1898, and are still in progress. The results have shown that, when a soil growing
leguminous plants is infected with appropriate organisms, there is a development of the
so-called leguminous nodules on the roots of the plants, and, coincidently, increased growth
and gain of nitrogen, The subject is further referred to at pp. 87 and 48 et seq.

IL.—EXPERIMENTS ON ANIMALS, Ero.

Experiments with the animals of the farm were commenced early in 1847, and have been
continued, at intervals, nearly up to the present time.

The following points have been investigated :—

1. The amount of food, and of its several constituents, consumed in relation to a given
live-weight of animal within a given time.

2. The amount of food, and of its several constituents, consumed to produce a given
amount of increase in live-weight.

3. The proportion, and relative development, of the different organs or parts of different
animals,

4. The proximate and ultimate composition of the animals in different conditions as to age
and fatness, and the probable composition of their increase in live-weight during the fattening
process.

5. The composition of the solid and liquid excreta (the manure) in relation to that of
the food consumed.

6. The loss or expenditure of constituents by respiration and the cutaneous exhalations—
that is, in the mere sustenance of the living meat-and-manure-making machine.

7. The yield of milk in relation to the food consumed to produce it; and the influence of
different descriptions of food, on the quantity, and on the composition, of the milk.

The general plan of experimenting was as follows :—

To provide data as to the amount of food, or its several constituents, consumed in relation
to a given live-weight of animal within a given time, and to produce a given amount of increase
in live-weight, several hundred animals—oxen, sheep, and pigs—have been experimented
upon. Selected lots of animals were supplied, for many weeks, or for months consecutively,
with weighed quantities of foods, selected and allotted according to the special point under
inquiry. The composition of the foods was determined by analysis. The weights of the
animals were taken at the commencement, at intervals during the progress, and at the conclusion
of the experiment.

The amount, and relative development, of the different organs and parts were determined
in 2 calves, 2 heifers, 14 bullocks, 1 lamb, 249 sheep, and 59 pigs.

The percentages of water, mineral matter, fat, and nitrogenous substance, were determined
in certain separated parts, and in the entire bodies, of ten animals—namely, one calf, two
oxen, one lamb, four sheep, and two pigs. Complete analyses of the ashes, respectively, of the
entire carcasses, of the mixed internal and other “offal ” parts, and of the entire bodies, of each
of these ten animals, have also been made,

From the data provided, as just described, as to the chemical composition of the different
descriptions of animal, in different conditions as to age and fatness, the composition of the
increase whilst fattening, and the relation of the constituents stored up in increase to those
consumed in food, have been estimated.

To ascertain the composition of the manure in relation to that of the food consumed,
oxen, sheep, and pigs, have been experimented upon.

In the case of oxen, the food and litter (sometimes with an acid absorbent), were weighed,
sampled, and analysed ; the animals were fed in boxes, for periods of from five to nine weeks,
and the total dung produced was well mixed, weighed, sampled, and analysed. The constituents
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determined in the food and litter on the one hand, and in the dung on the other, were dry
matter, agh, and nitrogen.

* In the case of sheep no litter was used ; the animals were kept in lots of five, on rafters,
through which (but with some little loss) the solid and liquid excreta passed on to a sheet-zine
flooring at such an incline that the liquid drained off at once into carboys containing acid, and
the golid matter was removed two or three times daily, and also mixed with acid. The
constituents determined in the food and manure were dry matter, mineral matter, sometimes
woody-fibre, and nitrogen,

In the case of pigs, individual male animals were experimented upon, each for periods of
three, five, or ten days only. Each-animal was kept in a frame, preventing it from turning
round, and having a zinc bottom, with an outlet for the liquid to run into a bottle, and it was
watched night and day, and the voidings carefully collected as soon as passed, which could
easily be done, as the animal never passed either fmces or urine without getting up, and
in getting up he rang a bell, and so attracted the notice of the attendant. The constituents
determined were, in the food and fwces,dry matter, ash, and nitrogen, and in the urine, dry
matter, ash, nitrogen, and urea.

The loss or expenditure of constituents, by respiration and the cutaneous exhalations
has not been determined directly, that is, by means of a respiration-apparatus, but only by
difference, that is, by calculation, founded on the amounts of dry matter, ash, and nitrogen
in the food, and in the (increase) faeces, and urine.

Independently of the points of inquiry above enumerated, the results obtained have
supplied data for the consideration of the following questions :—

1. The sources in the food of the fat produced in the animal body.

2. The characteristic demands of the animal body (for nitrogenous or non-nitrogenous
constituents of food) in the exercise of muscular power.

8. The comparative characters of animal and vegetable food in human dietaries.

SUPPLEMENTARY INVESTIGATIONS.

In conjunction with the late Professor Way, an extensive investigation was undertaken on
the application of town sewage to different crops, but especially to grass. The amount, and
the composition, of both the sewage and the produce grown were determined; and, in selected
cages, the composition of the land drainage-water was also determined. Comparative experiments
were also made on the feeding qualities of the differently grown produce; the amount of increase
yielded by oxen, and the amount and composition of the milk yielded by cows, being determined.
In this inquiry part of the analytical work was performed at Rothamsted, but most of it by
Professor Way in London.

The chemistry of the malting process, the loss of food constituents during its progress,
and the comparative feeding value of barley and malt, have been investigated.

Experiments were commenced in 1884, and continued for several years, to determine the
changes and losses which food-crops undergo in the process of ensilaging. Experiments have
also been made to determine the comparative value as food—of red-clover-silage as against red-
clover-hay-chaff and swedes, when given (with other foods), to fattening oxen ; of red-clover-
gilage, and meadow-grass-silage, as against mangels, when given (with other foods) to
milking cows; of silaged green oats, against oats (grain and straw) allowed to ripen, given
(with other foods) to fattening oxen; and of meadow-grass-silage, as against corresponding
meadow-grass-hay, given (with other foods) to fattening oxen.

A mixed crop of beans, peas, tares, and oats, was silaged in 1886, 1887, and in 1888, and
the changes and losses determined by weight and analysis, but the silage was not fed experi-
mentally. A similar mixed crop weas sown in June 1889 ; but it failed, and was ploughed up. ‘

Although many of the results of the investigations above enumerated have already been
published, a large proportion as yet remains unpublished.
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The following lists give the titles of the papers already published, arranged in two Series,
and within each Series arranged in chronological order; and they show in what Journal each
paper appeared.

SERIES IL—REPORTS OF FIELD EXPERIMENTS, EXPERIMENTS ON
VEGETATION, &o.

PUBLISHED 1847—1900, INCLUSIVE.

L. Agricultural Chemistry (Jour. Roy. Ag. Soc. Eng., vol. viii., p. 226) ... - . 1847
- Agrieultural Chemistry, Turnip Culture (Jour. Roy. Ag. Soe. Eng., vol. viii., p. 494) 1847
3. Experimental Investigation into the Amount of Water Given Off by Plants during their
Growth, especially in relation to the Fixation and Source of their various Constituents
(Jour. Hort. Soc. Lond., vol. v., p. 38) .. 1 i & . .. 1850
4. Report of some Experiments undertaken at the suggestion of Professor Lindley, to
ascerfain the Comparative Evaporating Properties of Evergreen and Deciduous
Trees (Jour. Hort. Soe. Lond., vol. vi., p. 227) - oc 4 . .. 1851
5. Agricultural Chemistry, especially in relation to the Mineral Theory of Baron Lichig
(Jour. Roy. Ag. Soe. Bng,, vol. xii, p. 1) .. .. . . . 1851 !
6. On the Amomnts of, and Methods of Estimating, Ammonia and Nitric Acid in
Rain-water (Report of the British Association for the Advancement of Scienco
for 1854—TLiverpool Meeting) .. . 2 e 5 i be .. 1854
7. Report to the Right Hon. the Earl of Leicester, on the Experiments, conducted by .
Mr. Keary, on the Growth of Wheat upon the same land for four successive years,
at Holkham Park Farm (Jour. Roy. Ag. Soc. Eng., vol. xvi., p. 207) b .. 1855
8. On some points connected with Agricultural Chemistry ; being a reply to Baron
Liebig's “Principles of Agricnltural Chemistry ” (Jour. Roy. Ag. Soc. Eng.,
vol. xvi., p. 411) .. o 5 @ - - o o0 oc .. 1855
9. On the Growth of Wheat by the Lois Weedon System, on the Rothamsted Soil; and
on the Combined Nitrogen in Soils (Jour. Roy. Ag. Soc. Eing., vol. xvii,, p. 582) 1856 |
10. On some points in the Composition of Wheat Grain, its Products in the Mill, and
Bread (Journal of the Chemical Society of London, vol. X P 1) .. 5 .. 1857
11. On the Growth of Barley by Different Manures continuously on the Same Land;
and on the Position of the Crop in Rotation (Jour. Roy. Ag. Soc. Eng., vol. xviii.,
p. 454) .. ¥ o . i o . o oc B .. 1857
12. Report of Experimeuts with different Manures on Permanent Meadow Land, with
Tabular Appendix (Jour. Roy. Ag. Soc. Eng., vols. xix., p. 552, and xx., pp. 228

[

and 398) .. . . " . . ” ox % X 1858-9
13. Report of Experiments on the Growth of Red Clover by different Manures (Jour.
Roy. Ag. Soe. Eng., vol. xxi., p. 178) ., w . o & A .. 1860
14. On the Sources of the Nitrogen of Vegetation ; with special reference to the question {
whether Plants Assimilate Free or Uncombined Nitrogen.—Abstract (Proceedings
of the Royal Society of London, vol. x., p. Hdd) o e s a .. 1860
15. On the Application of Different Manures to Different Crops, and on their Proper

Distribution on the Farm " - .. e o oc - .. 1861 ‘
16. On some Points in connection with the Exhaustion of Soils.—Abstract (Report of the
British Association for the Advancement of Seience for 1861—Manchester Meeting) 1861
17. On the Sources of the Nifrogen of Vegetation, with special reference to the question '
whether Plants Assimilate Free or Uncombined Nitrogen (Philosophical Trans-
actions, part 2, 1861, p. 431) .. ) . = 3 L .. .. 1861
18. Report of Experiments made at Rodwmersham, Kent, on the Growth of Wheat by
different Descriptions of Manure for several years in succession on the same land
(Jour. Roy. Ag. Soc. Eng,, vol. xxiii., p. 31) . o 5 o o .. 1862
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19. The BEffects of Different Manures on the Mixed Herbage of Grass Land (Jour.
Roy. Ag. Soc. Eng., vol. xxiv., p. 131) . - . 1863

20. On the Sources of the Nltrogen of Vegetatxon, with speeml 1efe1ence to the questlon
whether Plants assimilate Free or Uncombined Nitrogen (Jom Chem. Soc., new

series, vol.1.; entire series, vol. xvi.) .. . 1863
21. Liebig and the “ Mineral Theory ”(note, extracted from a papel by Mesms Lawes

and Gilbert, Jour. Roy. Ag. Soc. Eng., vol. xxiv., part 2) .. . 1863
22. Further Report of Experiments with Different Manures on Pelmanent Meadow Land

(Jour. Roy. Ag. Soc. Eng., vol. xxiv., part 2) . . . 1863
23. Report of Experiments on the G1owth of Whent for Twenty Yefus in Successwn on

the same land (Jour. Roy. Ag. Soc. Eng., vol. xxv., parts 1 and 2) .. 5 .. 1864
24, On the Selection of Artificial Manures for the Sugar-cane ¥ . 1864
25. On the Accumulation of the Nitrogen of Manure in the Soil (Repmt of the Butlsh

Association for the Advancement of Science for 1866—Nottingham Meeting) .. 1866

26. Preliminary Notice of Results on the Composition of Wheat grown for twenty years
in succession on the same land (Report of the British Association for the Advance-

ment of Science for 1867—Dundee Meeting) .. . 1867
27. On the Home Produce, Imports, and Consumption of Whea,t (J our. Roy Ag. Soc Eng -
vol. iv., 8.8., part 2) x . 1868

28, Exhaustmn of the Soil in relatlon to La,ndlords Covenants and the Valuatlon of
Unexhausted Improvements (read before the London Farmers’ Club, April 4, 1870) 1870
29. Scientific. Agriculture with a view to Profit (read before the Maidstone Farmers’ Club,

Dec. 15, 1870) . o 1870
30. Reports of Experlments on the Inﬂuence of various Manmes on dlffelent Speeles of
Plants (Proceedings of the Royal Horticultural Society, p. 19) .. 1870
! 31, Effects of the Drought of 1870 on some of the Hxperimental Crops at Rotha.msted
(Jour. Roy. Ag. Soc. Eng., vol. vii., s.5., part 1) . . . .. 1871
32. Notes on Clover Sickness (Jour. Roy. Hort. Soe., vol. iii., p. 86) A 1871
33. Report of Experiments on the Growth of Balley for Twenty Years in Successmn
on the same land (Jour. Roy. Ag. Soc. Eng., vol. ix,, s.s., parts 1 and 2) .. .. 1878
84. Unexhausted Tillages and Manures, with reference to the Landlord and Tenant
(Ireland) Act, 1870 - 1874
35. On the more frequent Growth of Balley on Heavy Land (read before the London
Farmers’ Club, February 1, 1875) . 1875
36. On the Valuation of Unexhausted Manures (Jour Roy Ag Soo Eng, vol xl., 8.8.,
part 1) .. I 1875

37. Note on the Occurrence of £ Fa1ry Rlngs (Jour. Linn. Soc., Botany, vol. XV, P. 17) 1875
38. On some points in connection with Vegetation (Address delivered at South

Kensington in the Chemical Section of the Science Conferences) .. 1876
39. On Rainfall, Evaporatlon and Percolation (Proceedings of the Inst. of 01v11 En—
gineers, vol. xiv., part 3) .. . 1876

40. Freedom in the Growth and Sale of the Orops of the Falm, cons1dered in rehtron to
the interests of the Landowner and the Tenant Farmer (Jour. Soe. Arts, December

14, 1877) . - 1877
41. Composition of Potatoes (Note—Jour Roy Hort Soc vol v., part 5 Proceedmgs,
P XXxVil.) .. 1878

42, On Nitrification ; Reports of Experiments made in the Rothamsted Laboratory.
(Part I, Jour. Chem. Soc., January, 1878; Part IL, Jour. Chem. Soc., July,
1879 ; Part ITL., Jour. Chem. Soc., December, 1884; Part IV., Jour. Chem. Soc.,
July, 1891.) See also—Rep. Brit. Ass. 1881—York Meeting ; Jour. Chem. Soc.,
October 1885, February 1887, and August 1888 - o 1878-91

43, Is Higher Farming a remedy for Lower Prices? (Lecture dehvered before the
Tast Berwickshire Agricultural Association, May 8, 1879. Published by G Macaskie,
¢ Warder’ Office, Berwick) of ” = e oc .. 1879
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49.

50.

61.

52,

53.

54,

55,

56.

57.

58.

59.

60.
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On the Determination of Nitric Acid as Nitric Oxide, by means of its action on
Mercury; a Report of Experiments made in the Rothamsted Laboratory (Jour.
Chem. Soc., July, 1879) .. . % .. 1879

On the Determlnatlon of Nitric Acid by means of Indlgo, Wlth specml reference to
Water Analysis; a Report of Exporiments made in the Rothamsted Laboratory
(Jour, Chem. Soc., September, 1879). See also—Chem. News, Feb. 2and 9, 1877  1877-79

Agricultural, Botanical, and Chemical Results of Experiments on the Mixed Herbage
of Permanent Meadow, conducted for more than twenty years in succession on the
same Land. Part I., The Agricultural Results. Abstract (Proceedings of the Royal
Society, No. 197, 1879) .. ” o .. 1879

On some points in connection with Agrlcultmal Ohemlstly —Abstract (Report of
the British Association for the Advancement of Science for 1879—Sheffield Meeting) 1879

Our Climate and our Wheat-Crops (Jour. Roy. Ag. Soc. Eng., vol. xvi., 6.5., part 1) 1880

On the Home Produce, Imports, Consumption, and Price of Wheat, over twenty-eight
(or twenty-seven) harvest-years, 1852-53 to 1879-80 inclusive (Jour. of the
Statistical Society, June, 1880) .. .. . .. 1880

Agricultural, Botanieal, and Chemical Results of Experlments on the Mlxed Herbage
of Pe1manent Meadow, conducted for more than twenty years in succession on the
same Land.—Part I. The Agricultural Results. Full Paper. (Philosophical
Transactions, part 1, 1880) " " .. 1880

Sketch of the ngress of Agricultural Chemlstry Address to the Chemlcal Section
of the British Association (Report of the British Association for the Advancement
of Science for 1880—Swansea Meeting) = o .. 1880

On the Determination of Nitric Acid as Nitric Ox1de by means of its reaction
with Ferrous Salts. Reports of Experiments made in the Rothamsted Laboratory.

(Part I., Jour. Chem. Soc., July, 1880. Part II, Jour. Chem. Soc., August,

1882) o ” .. 1880-1882
On the Detelmmatlon of Cal bon in S(nls a Report of Expemments made in the
Rothamsted Laboratory (Jour. Chem. Soc. Septembel 1880} .. - b .. 1880

On the Home Produce, Imports, Gonsumption, and Price of Wheat, over twenty-
seven (or twenty-eight) harvestiyears, 1852-8 to 1879-80 (Jour. Roy. Ag. Soc.
Eng., vol. xvi., 8.5, part 2, 1880) 2 .. 1880

Agricultural, Botamcal and Chemical Results of Expenments on the Mlxed Herbage of
Permanent Meadow, conducted for more than twenty years in succession on the same
land, Part IT., The Botanical Results. Abstract (Proc. Roy. Soc., vol. xxx., p. 556) 1880

Letter on  Bread Reform ” (Journal of the Society of Arts, January 21, 1881) .. 1881

On the Amount and Composition of the Rain and Drainage-Waters collected at
Rothamsted ; Parts L., II. and IIL. (Jour. Roy. Ag. Soc. Eng., vol. xvii., s.5. (1881),
pp. 241-279, and 311-350 ; vol. xviii. (1882), pp. 1-71. In the separate copies of
the entire paper, Section 8 of Part IIL is given as Part IV., and Appendix Tables

are also added) .. . . 1881-82
Letters on ¢ Fertility ” (Agucultuxal Gazehte, Feb. 21 and 28 Mmch 7,14, and 21 ;

April 4,11, 18, and 25; May 2 and 9, 1881) .. 3 oc .. 1881
Some Pra.ctlcal Aspects of recent 1nvest1gat10ns on N1t11ﬁcat10n (Joulna,l of the

Society of Avts, April 7, 1882) 5 . 1882

Determinations of Nltrogen in the Soils of some of the Expeumeutal Flelds at
Rothamsted, and the bearing of the results on the question of the Sources of the
Nitrogen of our Crops. (Read at the Meeting of the American Association for the
Advancement of Science, at Montreal, August, 1882) .. = . 1882

61. Agricultural, Botanical, and Chemical Results of Experiments on the Mlxed Helbage
of Permanent Meadow, conducted for more than twenty years in succession on the
same land. Part II., The Botanical Results. Full Paper. (Phil. Trans,, part. iv.,
1882) xc s .. 1882
61a. On the Determmatlon of Nltmc Ac1d in So1ls (J our. Chem Soc August 1882) .. 1882
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61b. On some of the changes which Nitrogenous Matter undergoes within the Soil (Lecture
delivered at South Kensington, April 16, 1883) C\Wegvingiio: \/ .. 1883
62. Contribution to the Chemistry of ¢ Fairy Rings’ (Jour. Chem. Soe , May, 1883) .. 1883
63. New Determinations of Ammonia, Chlorine, and Sulphuric Acid, in the Rain-Water
collected at Rothamsted (Jour. Roy. Ag. Soc. Eng., vol. xix., 8.s., part 2, 1888) .. 1883
64. The Nitrogen as Nitric Acid, in the Soils and Subsoils of some of the Fields at
Rothamsted (Jour. Roy. Ag. Soc. Eng., vol. xix., 8.8., part 2, 1883) . . . 1883

65. On the Composition of the Ash of Wheat- Gla.ln, and Wheat-Straw, grown at Roth-
amsted, in different Seasons, and by different Manures (Jour. Chem. Soc., August,
1884) i . 1884

66, Report of Experlments on the Growth of Wheat f01 the second perlod of twenty
years in succession on the same Land (Jour. Roy. Ag. Soc. Bng., vol. xx,, 8.8., part 2,

1884) - . .. - - - - .. 1884

67. On some points in the Gomposmon of Soﬂs with Results illustrating the sources of
the Fertility of Manitoba Prairie Soils (Brit. Ass. for the Advancement of Science,
Montreal, September 2, 1884 ; Abstract—Rep. p. 686. Full Paper—Jour, Chem.

Soc., June, 1885) .. : - .. 18841885

68. On Agricultural Investigation ; belng a Leotme dehvered a,t the Michigan State
Agrieultural College, Lansing, Mich., October 14, 1884 ; and at Rutgers College
New Brunswick, N.J., October 27, 1884 .. . 1884

69. Note on some eondltlons of the development, and of the aet1v1ty, of Chlorophyll -—
Abstract (Report of the British Association for the Advancement of Science for

1885— Aberdeen Meeting) . 1886
70. On the Valuation of Unexhausted Ma.nures (Jour Roy Ag. Soc Eng vol XX1., 8.8,
part IL) .. . 1885

71. Results of Experiments at Rothamsted on the Gr1owth of Barley for more than thuty

years in succession on the same Land (Agrlcultural Students’ Gazette, New Series,

vol. iii., part I.) . i 1886
72. Remarques sur la rela.tlon qui exrste entre les sommes de tempera.tule et la pr oductlon

agrloole (Archives des sciences physiques et naturelles, Troisiéme période, Tome

xvi., No. 11, 15 Novembre, 1886) - 1886
73. The Home Produce, Imports, Consumption and Pnee of Whea.t in the Umted Klng-

dom, Thirty-four Harvest-years, 1852-3 to 1885-6 (‘The Field, Febmary 12,

1887) - .. 1887
74. A Contribution to the Study of Well Waters (J our. Chem Soc., J une, 1887) .. 1887
75. On the present position of the question of the Sources of the Nitrogen of Vegetation,

with some new results, and preliminary notice of new lines of investigetion.—Prelimi—

nary Notice (Proc. Roy. Soc., vol. xliii., p. 108) ™ .. 1887
76. Results of Experiments at Rothamsted on the Growth of Root-mops for ma.ny years in

succession on the same Land (Agricultural Students’ Gazette, New Series, vol. iii.,

part V.) .. 1887
77. On the Present Pos1t10n of the Q,uestron of the Sources of Nltrogen of Vegetatmn,

with some new Results, and Preliminary Notice of New Lines of Investigation.

Tull Paper. (Phil. Trans., vol. elxxx. (1889), B., pp. 1-107) - 1889
78. Results of Experlments at Rothamsted on the Growth of Potatoes for twelve

years in succession on the same Land (Agricultural Students’ Gazette, New Series,

vol. iv., part IT.) . .. 1888
79. The History of a Fleld newly lald down to Pe1manent Grass (J our. Roy Ag Soc

Eng., vol. xxv., 8.8, part I, 1889) . 1889
80. The Amount of Nitric Acid in the Rain- Water ab Rotha.msted w1th Notes on the

Analysis of Rain-Water (Jour. Chem. Soc., August, 1889) .. .. 1889

81, Results of Expeuments at Rothamsted on the Growth of Leguminous Clops for
many years in succession on the same Land (Agricultural Students’ Gazette, New
Series, vol. iv., parts V. and VL) . " " = . - 1889-90

https://doi.org/10.23637/ERADOC-1-229

pp 15


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

( 14 )

82. Now Experiments on the question of the Fixation of Free Nitrogen—Preliminary ‘

Notice (Proc. Roy. Soe., vol. xlvii,, p. 85) .. . - .. 1890
83. The Food of our Agrlcultura.l Clops (Jour. Roy. Ag. Soc Eng vol i, t.s., part L., |
1890) .. .. 1890

84. Results of Expemments at Rothamsted on the Questlon of the lea.tmn of Free ]
Nitrogen (Agricultural Students’ Gazette, New Series, vol. v., parts IL. and IIL.) 1890-91 |
85. Observations on Rainfall, Percolation, and Evaporation, at Rothamsted ; with tabular
results for twenty barvest- -years (Sept. 1 to Aug. 31), 1870-1 to 1889-90 inclusive
(Proceedings of the Inst. of Civil Engineers, vol. cv., part IIL.) .. o S L1891
86. Results of Experiments at Rothamsted on the Questlon of the Fixation of Free
Nitrogen. Abstract of paper read before the Agllc Chem. Section of the Natur-

forscher Versammlung, at Halle, a. 8. (* Nature,” Nov. 12, 1891) .. ¥ 1891
87. The Sources of the Nitrogen of our Leguminous Crops (Jour Roy. Ag. Soc. Eng b
vol. ii,, t.s., part IV.; 1891) . . 1891
88. Allotments and Small Holdmgs (Jour. Roy Ag. Soe Eng vol. iii,, t.s. pa.rt III 1892) 1892
89. Home Produce, Imports, Consumption, and Price, of Wheat, over 40 Harvest-years, .
1852-3 to 1891-2 (Jour. Roy. Ag. Soc. Eng., vol. iv., t.s., part 1., 1893) .. .. 1893 {
90. Rotation of Crops (Jour. Roy. Ag. Soc. Eng., vol. v., t.s., pact. IV., 1894) .. .. 1894

91, Upon some Properties of Soils, which have Grown a Cerea.l Crop and a Leguminous
Crop for Many Years in Succession (Agricultuml Students” Gazette, New Series,
vol. vii., part ITL.) - . 1895
92. The Agrlcultura.l Investigations a.t Rothamsted England durlng a perlod of Flfny
years. (United States Department of Agriculture, Washmgton Office of Experiment
Stations, Bulletin No. 22, 1895) . 1895
93. The Rothamsted Xxperiments; being an account of some of the Results of the
Agricultural Tnvestigations conducted at Rothamsted, in the Field, the Feeding-
ghed, and the Laboratory, over a period of Fifty years (Tmmﬂ.ctlons of the
nghland and Agricultural Society of Scotland, Fifth Series, vol. vii, 1895) .. 1895 :
94. The Depression of Corn Prices ; and the Production of Wheat in some of the chief
Exporting Countries of the World (Jour. Roy. Ag. Soe. Eng, vol. vii, t.s.,
part IV., 1896) .. " 1896
95. The Royal Commission on Agucultural Dep1ess1on and the Valua,tlon of
Unexhausted Manures (Jour. Roy. Ag. Soc. Eng., vol. viii, t.s., part IV., 1897) .. 1897
96. The Valuation of the Manures obtained by the Consumption of Foods for the

Production of Milk (Jour. Roy. Ag. Soc. Eng., vol. ix., t.s., part I., 1898) .. 1898
97. The Growth of Sugar-beet, and the Manufacture of Sugar, in the United ngdom

(Jour. Roy. Ag. Soc. Eng vol. ix., t.s., part II., 1898) - 1898
98. The World’s Wheat Supply. (From The Tlmes, December 2, 1898) . 1898

99. Agricultural, Botanical, and Chemical Results of Experiments on the Mixed Herbaae
of Permanent Grass- laud conducted for many years in succession on the same
Land. Part ITI. The Chemical Results. Abstract (Ploc Roy. Soc., vol. lzv.,
p- 329) .. . 1899
100. Agricultural, Botanical, and Chemlca.l Results nf Expeuments on the Mlxed Herba.ge
of Permanent Grass-land, conducted for many years in succession on the same
Land. Part. JII. The Chemical Results. Section I. TFull Paper (Phil,

Trans., Series B., vol. exeii,, 1900) .. . 1900
101. Wheat grown yeaa after year on the same Land at Rothamsted England Wlthout
manure, with farmyard manure, and with various artificial manures .. .. 1900

SERIES IL—REPORTS OF EXPERIMENTS ON THE FEEDING OF ANIMALS,
SEWAGE UTILISATION, ENSILAGE, &c. PUBLISHED 1849—1895, INCLUSIVE.

1. Agricultural Chemistry : Sheep Feeding and Manure, Part I. (With Tabular Appendix
in 1856.) (Jour. Roy. Ag. Soc. Eng., vol. x., p. 276) .. 1849

2. Report of Experiments on the Comparative Fﬂ.ttenmg Qua.htles of Different Breods of
Sheep ; Hampshire and Sussex Downs (Jour. Roy. Ag. Soc. Eng., vol. xii,, p. 414) 1851
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. Report of Experiments on the Comparative Fattening Qualities of Different Breeds of

Sheep—Cotswolds (Jour. Roy. Ag. Soc. Eng., vol. xiii., p. 179) .. 1852

. On the Composition of Toods in relation to Rebpuatwn and the Fcedlng of Animals

(Report of the British Association for the Advancement of Science for 1852-—Belfast
Meeting) ., .. 1852

. Agricultural Chemlsny Plg Feedlng (Jour l{oy Ag. bou hug, vol. xw 409) . 1853
. On the Equivalency of Starch and Sugar in Food (Heport of the British Aswcmhon

for the Advancement of Science for 1854—Liverpool Meeting) . o .. 1854
Experiments on the Comparative Fattening Qualities of Different Breeds of Sheep——

Leicesters and Cross-breds (Jour. Roy. Ag. Soc. Eng,, vol. xvi., p. 45) .. 1855

. On the Sewage of London (Journal of the Bociety of Arts, March T; 1855) .. 1855

. Letter on the Utilisation of Town Sewage (from the Ropmt ordered by the House

of Commons to be printed, Aug. 3, 1857. Appendix xii,, p. 477) .. - .. 1857
Experimental Inquiry into the (omposttwn of some of the Animals Fed and Slaugh-
tered as Human Food. Abstract (Proceedings of the Royal Society of London, vol.

ix., p. 348) - .. 1858
. Observations on the recently 1ntroduced Manufactured Foods for Agucultura,l Stock
(Jour. Roy. Ag. Soc. Eng., vol. xix., p. 199) .. 1858
Experimental Inquiry into the Compos1t10n of some of the Animals Fed and Slaugh-
tered as Human Food (Philosophical Transactions, Part 2, 1859) .. - 1859
On the Composition of Oxen, Sheep, and Pigs, and of their Increase whilst Fattemng
(Jour. Roy. Ag. Soc. Eng,, vol. xxi., p. 433) .. 1860
On the Composition of the Animal Portion of our Food and on it relatlons to
Bread —Abstract (Jour. Chem. Soc., vol. xii., p. 54) .. 1860
Fifth Report of Fxpemments on the Feedmg of Sheep (Jour. Roy Ag ' Soc. Eng " vol. :
xxii., p. 189) " 1861
Report. of Experiments on ! the Fattenmg of Oxen at "Woburn Park Farm (Jour
Roy. Ag. Soc. Eng., vol. xxii., p. 200) .. 1861

. Experiments on the Question Whethe1 the Use of Oondunonts increases the Asmmzlatlon

of Food by Fattening Animals, or adds to the Profits of the Feeder (Edinburgh -

Veterinary Review and Annals ‘of Comparative Pathology, July, 1862) . 1862
Supplementary Report of Experiments on the Feeding of Sheep (Jour. Roy. Ag Soe.

Eng,, vol. xxiii,, p. 191) .. 1862
The Utilisation of Town Sewage (Jom Roy Ag “Soc. Eng vol. xxiv., p 65) 1863
On the Chemistry of the Feeding of Animals for the Production of Meat and Manuro

(vead before the Royal Dublin Society, March 81, 1864) = 1864
On the Sewage of Towns (Third Report and Appendlces 1,2, and 3 3, of the Royal

Commission. Presented to Parliament) 1865

Report (presented to Parliament) of Expcmments undertaken by Order of the Board
of Trade to Determine the Relative Values of Unmalted and Malted Barley as

Food for Stock .. 1866
On the Composition, Va,lue and Utilisation of Town Sewage (J our. Chem. Soc New

Series, vol. iv.; Entire Serles vol. xix.) 1866
Food, in its Relations to the various Ex1gencles of the Animal Body (Phll Ma,g,

July, 1866) 1866
On the Sources of the Fat of the Animal Body (Abstra.ct——Rep Brit. Ass. for 1866

—Nottingham Meeting. Full paper—Phil. Mag., Dec. 1866) . 1866
Note—On Sewage Utilisation (Proceedings of the Institution of Civil Engmeers,

vol. xiv., Part 3) 1876
On some Points in connection with Animal Nutrition (Addless delivered at South

Kensington in the B1ologlca1 Section of the Science Conferences) .. 1876
On the Formation of Fat in the Animal Body (Journal of Anatomy and Physmlogy,

vol. xi., Part 4) .. 1877

Supplement to former Paper entitled—« Expenmental Inqmry ino the Composmon
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THE ROTHAMSTED RAIN GAUGES.

e
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VIEW SBHOWING THE COLLEQTORS.

No. 1.—8mall Funnel-gauge, 5 inches diameter.

No. 2.—8mall Funnel-gauge, 8 inches dinmeter.

No. 8.—Large Gange—
Size —7 feet 3:12 in. x 6 feet.
Area—One thousandth of an acre.
4 collectors, each holding Rain = 0°500 in.
Gange-tubes gradvated to .. 0-002 in.
Overflow tank to hold Rain = 2-000 ins.
Small cylinder, tube graduated to 0-001 in.

(For i]uantiﬁiea less than 0+05 in.)
No. 4—S8tand with lovel marble top, for measuring.

3 Drain Gauges—
Toach 7 feet 8+12 in. X 6 feet = (Lith acre area :
Respectively 20, 40, and 60 inches depth of seil.
2 collectors, each holding Drainage = 0500 in.
Gruge-tubes graduated to .. «o 07002 in,
Overflow tank to hold Drainage .. = 2-000 ins.
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GENERAL SUMMARY OF THE RESULTS RELATING TO RAINFALL
AND DRAINAGE AT ROTHAMSTED.

As already explained (p. 6), the Rainfall has been measured at Rothamsted, in gauges of different sizes
almost from the commencement of the Field Experiments; and the Drainage through 20 inches, 40 inches, and
60 inches, of unmanured and uncropped soil, in its natural state of consolidation, has been collected from Sep-
tember 1870, up to the present time, a period of nearly 81 Harvest-years. The nitrogen as nitric acid in the
drainage waters was determined occasionally during the first 7 years of their collection (1870-1 to 1876-7); but
from 1877-8 up to the present time, a period of mearly 24 Harvest-years, it has been determined in
proportional samples for each month. A summary of the mumerical results relating to rainfall, drainage, and
loss of nitrogen by the drainage, will be found in the Tables at pp. 18-19.

The figures show that over the 20 Harvest-years, 1877-8 to 1896-7, there was an average annual loss of
nitrogen in the drainage, of 35+07 1bs. through 20 inches, 30-83 lIbs. through 40 inches, and 3387 1bs. through
60 inches depth, of unmanured and uneropped soil; or, taking the average of the three gauges, of about 33 Ib.
per acre per annum of nitrogen, corresponding to an average annual loss of nearly 2 cwts. of nitrate of soda.

With reference to the large amounts of loss of nitrogen by the drainage thus indicated, it is to be borne in
mind, that probably not more than an average of about 5 Ibs, would be contributed annually per acre from the
atmosphere in rain and the minor aqueous deposits, exclusive of any condensation by the soil. Moreover, the
soil of the drain-gauges had been unmanured since 1868; but, being exposed to the access of air from below as
well as from above, the oxidation of the nitrogenous matters of the soil and subsoil may be more active than in
gimilar soil in its natural condition. On the other hand, the soil was without any vegetation to arrest the nitric
acid formed ; whilst, in some cases of fallow-land which had been manured and cropped in the ordinary course,
and which would therefore be in a much higher “condition” than the soil of the drain-gauges, as much, or even
more nitrogen as nitric acid, has been found to be present in the autumn, to the depth of 18 or 27 inches.

As the three drain-gauges of unmanured and uneropped soil have been in operation since September 1870—
that is, for 30 Harvest-years to the end of August 1900—it is obviously of interest to consider whether or not
there is evidence of decline in the amount of nitric acid annually formed in the soil over that period. As the
drainage waters were not systematically sampled and analysed until 1877, accurate estimates of the amount of
nitric acid in the drainage of the first 7 years of the experiments cannot be made ; but the indication is, that it
averaged more over those earlier than over the subsequent years. Examination of the resuits for the four
5-yearly periods of the 20 years, 1877-8 to 1896-7, shows that the average annual loss of nitrogen per acre in the
drainage was, over the first 5 years considerably more than the average of the 20 years, but over the second 5 it
was less than the average, and over the third 5 less than over the second ; whilst over the last five years (1892-3
to 1896-T7) the loss somewhat exceeded that of the preceding five years. The details show, that the excess over the
first 5 years was due to very excessive amounts in the gecond and fourth years of the twenty ; and that these were
coincident with very excessive amounts of rain and of drainage. The loss over the second 5 years was consider-
ably less than over the first, and somewhat lower than the average, and so also was the amount of rain, though
the drainage was, on the average, slightly higher. The loss over the third 5 years was less than over the second,
and less than the average, and so also were the average amounts of rain and drainage. Over the last 5 years
again, the distinetly lower than average loss of nitrogen in the drainage, was coincident with lower than average
rainfall, and generally lower than average drainage, especially in the first and fourth years.

With this general decline in the loss of nitrogen in the later years, there was, on the other hand, in the
8th year of the 20 considerably more than the average loss, in the 9th about the average, and in the 11th, 17th
and 20th years considerably more, and in the 18th year rather more than the average ; part of the excess in the
17th year (1893-4) being probably due to accumulation during the preceding year of drought. In each of the
last four years of the first 15, however, the loss was considerably below the average,and in the 16th year, a year
of drought (1892-3), there was, with nearly the lowest rainfall and drainage, also nearly the lowest loss of
nitrogen by drainage. Lastly as to the details :—in October of the fifteenth Harvest-year (1891-2), there was,
with a great excess of rain and drainage, very much more than the average amount of nitric acid in the drainage
of that month. Indeed, in only one month during the preceding 14: years, namely in September 1880, was there
more nitric acid passing through the 20-inch gauge than in October 1891, There was, however, in October of
the 17th year, 18934, and in November of the 19th year, 1895-6, about as much loss of nitrogen as nitric
acid as in October 1891, More pertinent still is the fact, that in September of the Harvest-year, 1896-7,
which is the 27th of the parallel rain and drainage records, and the 20th of the monthly analysis of the drainage
waters, there was, with the heaviest rainfall and drainage ever recorded at Rothamsted for a single month, also
the greatest loss of nitrogen as nitric acid by the drainage, in any one month of the 20 years, and this was the
case with the 20-, the 40-, and the 60-inch drain-gauges.

Obviously, the loss of nitrogen as nitric acid through the soil-drain-gauges was very directly dependent on
the amount, and on the distribution, of the rain, and of the drainage. Indeed, although there seems to be some
indication of a decline in the amount of nitric acid formed over the later than over the earlier years, the
evidence is certainly not yet very conclusive. Thus, examination of the figures shows, that the loss of
nitrogen was considerably higher in the 20th Harvest-year, 1896-7, than the average of the 20 years. On the
other hand, it was actually lower in the 21st year, 1897-8, than in any of the preceding 20 years, In 1898-9
it was rather under, and in 1899-1900 over average. During the 9 months of the current Harvest-year, ending
with May 1901, it was about average. .

Finally, according to a revised estimate for the 30 Harvest-years ending with August 81, 1900, there has
been a loss of nitrogen through the 20-inch gauge of nearly 17, through the 40-inch of 9, and through the
60-inch of more than 7% per cent., of the total combined nitrogen in the soil and subsoil.

C
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NUMERICAL, SUMMARY OF RESULTS RELATING TO RAINFALL AND DRAINAGE
AT ROTHAMSTED.

In the Tables (pp. 18-19), are given—the average annual Rainfall over the 19 Harvest-years, 1851-2 to 1860-70; that is,
from the commencement of (he period for which the averaga produee, of continuous wheat (pp. 30-1), and of continuous
harloy (pp. 26-7), is given, up to the time when the experiments with the drain-gauges commenced, Noxt are given the
averages of hoth rainfall and drainage for thie first 7 Hlarvest-yenrs during which dramage as well as rainfall was collected
(1870-1 to 1876-7). Up to that time, the nitvic acid in the drainage water had only been otcasionully determined; but E’ rom
1877-8, up to the present time, it hos been determined in proportionally mixed sumples for each month; and the Table
shows, in inches, the rainfall, and the drainage through each of the three soil-drain-gauges, respeclively of 20, 10, and |
60 inches depth of oil; elso the differenco (rainfall ecollected in the large gauge, lyy ncre area, minus drainage),
approximately representing evaporation. The Table farther shows—the amounts of luss of nitrogen, in Ib, per aore, in the
drainage through énch of the three drain-gauges, reckoned both as nitrogen, and ag nitrate of soda (commercinl, & per cent.
impurity), for cach of the 23 Iarvest-years 1877-8 to 1899-1900; the maximum and the minimuam annual rainfall, with _thc
corresponding drainage, evaporation, and loss of nitrogen, over the 23 Harvest-yenrs; and the ayerages for each of l.lu‘! four |
successive five-yearly peviods, to 1896-7 inclusive; also the results for the 21st, 29nd, and 28rd, Havyest-years, 1897-8, 1808-1,
and 1899-1900.  Then are given, averages for four-monthly periods, and for the total Hlarvest-year, over the 20 yedrs,
1877-8 to 1896-7. There are also given, in the last four divisions of the Table (p. 19)—first the average Toss for cuch
month, over the 20 years; secondly, the monthly results for the Harvest-yeax, 1808-9; thirdly, those for the last complete
Harvest-year, 1809-1900; and lastly, similar vesults for the eurrent Harvest-year (1900-1901) up to May inclusive.

Loss of NITROGEN PER ACRE in DRAINAGE,
DIFFERENCE (1),
RAINFALL, DRAINAGT. evaporated (or retained |- — 77A74d % ti |
HARVEST-YEARS. by soil). Reckoned as Nitrogen. Reckg?es 2 ‘;1:' (Zstra e J
September 1 to August 31, S - —_— x
5-inch | tyoth | Soil Soil Soll Soll Soil Soil Soil Soll Boil Soil | Soil | Soil
Funnel %o | 20 ins. | 40 ins. | 60 ins, | 20 ins. | ¢0 ins. | 60 ins. | 20 ins, | 40 ins. | 60 ins. 20 ing.| 40 ins.| 60 ins,
Gauge. | Gouge. | deep. | deep, | deep. | deep. deep. | deep. | deep. | deep. | deep. deep. | deep. | deep.
inches. | inches. | inches. | inches, | inches. | inches. | inches. | inches. |  Ibs. 1bs. 1bs. 1us, | lbs. | 1bs.
Av. 19 yrs. 1851-2 t0’69-70 (23:80 (27:04 | .. . . & W . @ 35
Av. 7 yrs. 1870-1 to *76-7 |28+-29 (3026 [12°29 (12:79 |10-86 17:97 |17-47 [19-40 o " v 1 i £
1877-8 9911 [32+65 [14-72 [16-44 [14-84 [17-93 |16-21 [17-81 44475 [39+53 45-92 | 2%6 | 2563 | 293
1878-9 4017 |41-05 [24-44 [26-03 |24-38 |16°61 [15-02 {16-67 59-36 146-52 |60+94 | 379 | 297 | 389
1879-80 9088 121+36 | 6:89 | 7-89 | 650 [14-47 |18-97 |14-86 27-03 [17-87 |20:19 | 173 | 114 | 129
1880-1 35+85 13677 [22:88 |22-84 (21-26 [14-39 [13-93 |15-51 5778 144-22 |49-95 | 369 | 283 | 319
1881-2 31-66 |32-31 [15-81 [16+08 1432 [16:50 |16-23 [17-99 [32-98 [31-74 |35-24 | 211 | 203 | 225
1882-8 3369 (3¢-71 (2082 (21-72 [19°72 [13°89 1299 |14-99 [32-67 |36-08 |38-26 | 209 | 231 | 244
1883-4 95-29 [25+77 [11-86 (1200 |11°21 [18+91 |18-77 (14°56 29-31 [26:85 |26-89 | 187 | 172 | 172
1884-5 925+90 [26+78 [14-82 [15-14 [13-98 [11-96 |11-G4 [12°80 39-55 [36-71 [33:86 | 253 | 235 | 216
1885-6 29+46 (3102 [17-37 |18:41 16-57 [13:65 (1261 [14'45 |34-49 |32:27 |34-36 221 | 206 | 220
1886-7 22-63 I23'61 1064 [12-58 |11-72 [12:97 {1103 [11-89 |25-28 21-88 tZ*'98 161 | 140 | 160
1887-8 29-11 (3050 [13-96 |15-58 |1467 1654 |14-92 |15-83 |43-10 |36-90 [35-67 | 276 | 236 | 228
1888-9 98:79 (3009 |14-64 |15:82 |14-33 [15-45 |14-27 15-76 |31-96 [29-25 {30-50 | 204 | 187 | 195 |
1889-90 2673 12743 [18:16 [18-60 |12-74 |14-27 |13:83 1469 [27-61 (24-94 128-41 | 176 | 159 | 182
1890-1 22480 ;2341 995 | 9-70 | 9-73 [18-46 [13-71 |13°68 25:70 [19-90 [22-04 | 164 | 127 | 141 !
1891-2 2845 129°68 [16-50 |17-43 1647 |13-18 12-25 [13-21 |29-39 98-45 (33-43 | 188 | 181 | 214
1892-3 9311 24-08 [11-58 (1285 '12+10 |12-50 [11-73 11-98 [22°61 [20°40 [23-72 | 144 | 130 | 152
18934 98+24 129-55 |13-836 |14-11 14°07 |16-19 |15-44 |15-48 |40-94 [31-53 [34-52 | 262 | 202 | 221
1894-5 2776 198-94 [15-50 [16:95 1631 |13+44 |11-99 ‘12‘63 37-12 [83+18 134°36 | 238 | 212 | 220
1895-6 22-98 24-37 | 9-84 |10-75 10-35 [14-53 .13'62 1402 2318 (22-77 (22-78 | 148 | 145 | 146
1896-7 31-91 537'24 21-88 (23-86 2280 |15'36 1338 {M'el:‘l- 36°62 [85°77 [+1°40 234 | 229 | 265
1897-8 18-21 |‘I9‘51 595 | 6:66 | 647 1356 |12+85 (18304 [18°20 |13-95 |15-01 | 116 | 89 96
1898-9 23:25 2470 [11-99 |12+48 |12-48 |12°71 [12:22 l12'22 83:23 (28°65 (30-91 | 213 | 183 | 197
; 1899-1900  [30-0% 31-02 [16-53 [16-98 117-02 11469 |14-09 [14-00 [37-00 [33-85 8768 | 236 | 216 | 241
Rusurrs For Maxmmum anp Minimum Ramsvann (Laree Gauar). 23 Hawrvesr-YEars, 1877-8 mo 1899-1900.
Maximum (1878-9) .. .. [40°17 41-05 (2444 (26°03 |24-38 [16°61 .15'02 16-67 |59-36 46:52 60°94 | 379 [ 207 | 389
Minimum (1897-8) .. .. |18'21 ‘19'51 5:95 l 6+66 | 6-47 [13+56 [12-85 {13-04 [18°20 [13'95 |15°01 116 1 89 | 96

AVERAGES ¥OR 5, 5, 5, AND 5 HArvesT-Yeans (20 Ymans, 1877-8 To 1896-7). Also the results
for the 21st year, 1897-8, the 22nd year, 18989, and the 23rd year, 1899-1900.  m——

5 yes,, 1877-8 t081-2 .. [82-13 |32-83 [16-85 [17-76 [16-26 [15-98 [15-07 (1657 |4487 |85-07 42-45 | 284 | 280 271
5 y18., 1882-8 t0°86-7 .. [27°39 28-38 [15-10 |15-97 1464 [13-28 [12-41 |13-74 |32°26 [30-76 3167 | 206 | 196 202
5 yrs, 1887-8 t0°91-2 .. [27-07 2892 [13-64 |14-42 |13-59 [14-58 |13-80 |14-63 [31-55 |27-89 [30°01 f 202 | 178 192
5 yrs., 1892-8 10°96-7 .. 27-40 28-83 [14-43 |15-60 [15°12 [14-40 18-28 [18-71 |32-09 2873 31'36 | 205 | 184 200

Mean, 20 years .. .. .. [28:530 29-57 [15:00 [15-94 |14-90 |14-57 ‘13‘63 1467 13507 [30°83 133‘87 224 | 197 i 216
218t year, 1897-8 .. .. [18-21 ‘19'51 5-95 | 666 | 6-47 [13-56 ]12‘85 13-04 |18:20 1395 L15'01 116 | 89 | 96
22nd year, 1898-9 .. .. |23:25 124-69 (11-99 ‘12'48 12-48 [12-70 12-21 |12-21 |33:23 |28°65 30-91 | 214 | 183 | 198
28rd year, 1899-1900 ., |30-0¢ 131-02 |16-33 116-93 [17-02 f14-69 14-09 [14-00 [37:00 [3385 [37:68 | 236 | 216 | 241

AVERAGES FOR 4-MoNTHIY PErIoDS, aND Torarn HARVEsT-YEARS (20 Ymams, 1877-8 1o 1896-T).
Sept. 1 to Dee, 31 ., .. (11419 [11-57 | 7-47 | Tog 705 | 4-10  3°85 | 434 [20-27 |17°30 17+95 | 120 | 110 | 115 I
Jan. 1 to April 80 .. .., | 787|776 | 474 | 582 | 501|802 9:44 | 275 | 7°49 | T-94 | 9:67 | 48| &1 61
May 1to Aug. 81 .. .. | 994 [10-24 | 2-79 | 2:90 | 266 | 7+45 7+34 | 758 | 7-31 | 559 | 6:35 | 47| 36 40
Total Harvest-year .. .. 2850 |29-57 [15-00 115-94 ({14-90 [14-57 13-63 |14-67 3307 3083 33-87 | 224 | 197 210

(1) Calculated on the Rainiall shown by the ;%;;th acre gauge. (2) Commercial—reckoning 5 per cent. impurity.
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NUMERICAL SUMMARY OF RESULTS RELATING TO RAINFALL AND DRAINAGE AT RoOTHAMSTED—continued.

Loss of NITROGEN PER ACRE in DRAINAGE,
DIFrERENCE (1),
RAINFALL, DRrAIVAGE, evapomted (or retained =
Harvesr-YeArs, ‘ by soil). Reckoned as Nitrogen. R’%k&'}ggﬂ? g;t.rate
September 1 to August 31. [

[ | 5-nch | Tmth Soil | Soil ‘ Soil Soil | Soil | Soil Soil | Soil | Soil | Soil | Soit | Soil
Funnel | Acre | 20 ins. | 40 ins,  60ins, | 20ins. | 40 ing. | 60 ins. | 2uins, | 40 ins, = 60 ins, |20 Ins. 40 Ins. 60 ins,

Gauge. Gauge. | deep. | deep. | deep. deep. | deep. | deep. | deep. | deep. | deep. deep.! deep.| deep.

AVERAGES FOR EACH Monti. 20 HarvesT-YEARrs, 1877-8 o 1896-7.

inches, nches, | inches.  inches. inches. |[inches. Inches, | Inches, | 1bs, 1ls. 1bs. lbs, | lbs, | 1lbs,

September .. .. .. 253 | 263|104 102 0-95 1-59 1461 ‘ I+ 3:91 | 2:783 2-69 | 25*0 17-5 17-2
October .. .. .. .. 1329(3'38] 207 | 2:09 1-93 131 1129 | 1+45 | 6-38 | 5-00  5-04 | 40'7 381-9 32-2
November .. .. .. 805|314 | 2:41 | 2:51 287 0-73 | 0°63 | 0+77 | 6:30 | 5-66 ' 5:86 | 40'3 36-2 37'4
December voae 12082 | 2742 | 1095 | 2410 1-98 0-47 1 0:32 | 0-44 | 8-68 3:91 | 4°36 | 235 25°0 27-9
January .. .. .. .. 1'91|2+04|1:67  1'88 1-82 0-37 | 0+16 | 0°22 | 2-57 | 2°81 | 8-40 | 16-4 18-0 21-7
February w e wie | 187 195 | 1:55(] 1271 1:58 040 | 0:24 | 0°37 | 2:46 | 2+51 ‘ 3:00 15'7| 16:0 19-1
March 10 1:88 | 1:00 | 1+15 108 0-88 ‘ 0-73 | 0°80 | 1-48 | 167 | 2-00 94 10-6 12-8
April o e .o 10821 1+89|0:52 | 0°58 | 053 1-37|1+31 | 1-36 | 0-98 | 0-95 ‘ aloily 68 6:1 75
May., .. . o .. 2:11|2°17]|0-58 | 0°65| 0+57 1-59 | 152 | 160 | 1-13 | 1-04 ! 1-19 7'2; 66 7-6
June ci e e we 2426 2033 ] 061|065 0461 1-72 | 168 | 1-72 | 1-24 | 1+09 | 1-25 79 70 80
July i e we w273 12:80 073 | 0:74 | 0469 2:07 | 2:06 | 2+11 | 2:07 | 1-53 | 1-69 | 13-8 9'8 10-8
August .. .. .. .. 284 (294|087 08| 079 2:07 | 2:08 | 215 | 2-87 | 1-93 | 2:22 | 18+4] 12:3 14-2

} Total <o +v (2850 [29-57 |15°00 |15°94 | 14-90 [14-57 |183°63 [14-67 (3507 {3083 [33-87 |224:1197°0216 4

‘ Harvest-YEag, 1898-9.

‘ Beptember o s | 0°52]0°60 ] .. | o i 0-60 | 0-60 | 060 - o ” i o .

‘ October .. .. .. .. |27 [28]1-22 116 1-06 1467 173 | 1-83 | 5:28 | 8-65 ‘ 3-45 | 83-4| 23- 3 2240

! November o [ 2432 2-4411-87 1-81 | 1'72 | 057 |0-63|0-72]|8-67 573|570 | 55° 4/ 86+6) 364
December 2°82 | 3-01 | 2:37 [ 2:44¢ 247 | 064|057 | 054|931 | 6:14 | 6-44 | 59-5 89 2‘ 412
January .. [ 2279 | 2:96 | 246 | 2-71 2-75 050 | 0°25 | 0°21 | 5-13 | 6°20 | 6°65 32‘8? 396 425
February e a1 2°8312:441 208 | 213 212 036 | 081 | 0°32 | 226 | 8°41 | 4:17 | 14-5] 21 ‘8 2647

] March .. .. .. . |0'80 | 0'87 (0'004)1 0:04 004 087 | 0-83 | 0-83 | 0:01 | 0-06 | 0°07 (0'04)| 0 4{ 04
April o ooy ‘ 2:61 | 278067 076 0-82 2+06 | 1°97 | 1-91 1 085 | 1-22 | 1°58 54/ 78 9°8
May .. 2°64 | 281 | 1-12 | 1-18 1-22 169 | 1-63 | 1°59 | 189 | 1-79 | 2-32 89 114/ 14°8
June v er ee aw | 14481 1-5810-04 | 0:0¢ 0°07 1:54 | 1-54¢ | 1-51 | 0-09 | 0:07 | 0-13 06 04 08
July.. .. . . . 1*18(1-27]0-16 | 021 0-21 1-11 | 1-06 ‘ 1-06 | 029 | 0-38 | 0°45 19 2'4‘ 2:9
August .. .. .. .. | 1401 [ 1-09 ERa (0-001) 109 | 1:09 | 1-09 | e |(0-002) .. | .. (0°01)

| Total o w2325 [24°69 |11¢ 99 12°48 | 12- 48 l2 70 12'21 f12'2] 33:25'28+65 130-91 [212-4 1829 1317'5

| LAbT HARVDbT YEar, 1899-1900.

I September 236 [ 2:46 [ 0°26 [ 0019 | 0-16 2:90 2-27 [ 2:30 | 1°40 | 0-79 | 0-63 89| &5+1] 40
October .. 360 | 3-75 | 2:67 | 268 256 1'08 1-07 | 1°19 |10-22 | 716 | 8:46 | 658 45'8] 541
November 369 | 376 | 3:46 | 3+45 3'44 (030 | 031 | 0-32 |10-58 ‘ 8:82 | 949 | 67:6) 568 607
December 136 | 1°41 | 0:89 | O 86 | 0°83 (052 [ 055 | 0-58 | 232 | 192 | 2:04 | 14-8| 12+3| 18-0
January .. o e dw | 3541 8-67 ] 329 85 3+46 0:38 | 0413 | 0°21 | 5°20 | 6°48 | 7-20 | 333 41+4| 46-0

‘-I, February e we we | 4°82 | 4°91 | 4°22 | 4+ 39 | 471 069 ' 0-52 ‘ 0-20 | 324 | 5:06 | 661 | 20°7| 32:3| 42-2

! March e 095 (80796 | 0-18 | 0°27 | 0+28 0+83 | 0'69 0683 ] 0°15 | 0-34 | 0-44 1-0 2+1f 2-8
April 1+83 | 1-83 [ 0°31 | 0°40 041 1402 ‘ 09 W 0:92 | 0-47 | 0-50 | 043 | 3-0| 3-2| 2-8
May .. 1+06 | 1+08 |(0:001), 001 0+02 1:08 | 1+0 1-06 o 0:01 | 0-04 o0 01| 0-2
June 256 | 2:63 | 0°04 | 0°05 | 008 259 2'58 [ 2:55 1007 | 0°08 | 0°14 0-4f 05| 0-9
July 1:07 | 1-13 .. 001 0+03 1°13 | 1-12 | 1-10 - 004 | 0°04 00 0+2) 08
August » . | 870 [ 3°93 | 1:06 | 1-08 1-04 2:87 | 2-85 l 289 | 3835 | 2°65 | 2-16 | 21-4| 16-9| 138

Total v ae 180004 [31-02 116-33 [16:93 | 17-02 [14:69 |14°09 i14'00 37-00 [33+85 {37-68 |236:41216-2240*8

CurreNT HARVEST-YEAR, 1900-1901.

September | 0°78 | 0-84 (0 001)( 0°01 | 0-01 084 | 0°83 | 0-83 e 0-01 | 0-02 o 01 0-1
October .. T * 2:45 | 2:60 | 0+74 1 0-57 | 053 1-86 | 2°03 | 2:07 | 840 | 1-56 | 2-18 | 217} 9-9| 139
November .. .. .. | 245|261 | 216 | 2* 40 2+41 045 | 0°21 | 0°20 [10-04 | 6:89 | 7:09 | 64-1| 44°0| 453
December v | 852 | 3+65 | 2-99 | 32 3-19 0°66 | 0°44 | 0°46 | 9:88 | 7:85 | 7-72 | 63*1] 502 493
January .. ’ 102 | 1*18 | 0°67 | 0- 88 0-85 0:51 1030 | 0-33|1:56 | 2:04 | 2:00 | 100} 13:0| 128
February v e w1019 1426 | 0760 | 090 077 (066|086 | 049|118 |1:87 | 170 | 75 11-9) 109

l March ..« o 40 | 2°89 [ 257|150 | 1-84 175 1:07 | 0°73 | 0-82 | 254 | 83-24 | 3-44 | 16-2{ 20°7| 22°0
April v ww e owe | 2942 | 2951 ] 181 | 1-49 147 1°20 | 1-02 | 1-04 | 201 | 2°37 | 2-72 | 12+9} 15°1| 17°4

I May i ws uee see | 1°77]|]/ 1481 | OF ‘10 [ 0-49 | 0°47 1°41 | 1°82 | 1°34 | 0°63 | 076 | 0-87 | 40 49 55

] June Ve e i :

| July T T ‘

| August .. o 0w | | |

Total | ww_ ws | | | i |

1 (1) Galculated on the Rainfall shown by the 1%5th acre gauge. (2) Commercial—reckoning 5 per cent. impurity.

1
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( 20 )

Pran or THE Prors in THE PARK, oN wHICH EXPERIMENTS HAVE BEEN MADE, |
oN THE MIXED HERBAGE OF PERMANENT GRASS LAND.
46 years, 1856-1901 inclusive.
- [For a brief summary of results and conclusions, see opposite page.] \
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Total area under Experiment about 7 acres,

é, g, ;”, g--g, 452, 2l}.‘\-l,(111-'2;%1:[1’1;1 12, each % acre.

3 10, 13, and 18, h £ acre. ]

Arsiciblcts 1"1, 15: 1’6, and 17, each } acre.
19 and 20, each } acre.

[For details of the manuring and producé, see pp. 22 and 23.]
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;\ (2L )

Resurrs oF ExpERIMENTS MADE IN THE PARK,

ON THE MIXED HERBAGE OF PERMANENT GRASS-LAND.

These experiments were commenced in 1856, so that 1901 is the 46th year of their continuance.

In the experiments with individual crops grown separately, on arable land, it was fouud, that thoso of
the same natural Order—Wheat, Barley, and Oats, for example—had certain characters and manurial

! requirements in common; that those of the Leguminous Order had widely different characters and
requirements; whilst crops of other Orders, such as Root-crops, Potatoes, &e., exhibited characteristics

| differing from the Gramineous, and more from the Leguminous crops. Compared with the conditions of growth

} of such individual crops grown separately, those of the Mized Herbage of Grass-land ave extremely complicated,
1t comprises, besides numerons Gramineous and Leguminous species, representatives of many other Natural
Orders; and of some of great prominence and importance as regards their prevalence and distribution in vegeta-

J tion generally, If, under the influence of characteristically different manures, there are notable differences in
the dogree of luxurinnce, and in the character of development of closely allied plants when each is grown
separately, and much greater differences between plants of different Orders when so separately grown, it is only
what might be expected, that there should be very remarkable variations of result when different manures aro I
applied to an already established Mixed Herbage of perhaps some 50 species growing together, representing
perhaps nearly 20 Natural Oxders.

Accordingly, even in the early years of the experiments, it was observed that those manures which were
the most effective with Wheat, Barley, or OQats—that is with Gramineous speoies grown separately—iwere also
the most effective in bringing forward the grasses proper, in the Mixed Herbage. Again, those manures which

v were the most beneficial to beans or clover, the most developed the Leguminous species in the Mixed Hsrba;.{le,
and vice versd. Thore was also great vaxiution in the predominance of individunl species among both the
grasses, and the representatives of other Orders, And ngain, there was very great difference in the tendency to
produce merely incrensed leafy vegetation on the one hand, or to develop stem and seed formation on the otﬁar,
according to the manure employed. “Thus, the final product—the hay—was one thing when grown under certain
manurial conditions, and quité another when grown under others. TFor example, the unmanured produce on
tho average included nearly 50 species—ahbout 17 grasses, 4 leguminous plants, and 27 or more of other Oxders;
whilst the hay contained from 65 to ’Rer cent. of gramineous produce, about 74 of leguminous herbage, and
20 to 25 per cent. of herbage of other Orders. Compared with this, the produce by farmyard manure contained
fewer species, o higher proportion by weight of gramineous, and lower of both loguminous and miscellaneous
herbage. Or, to take an extrome case, an excessive application of both mineral and nitrogenous manures for
many years in succession, has reduced the number of species traceable, to only about 13, whilst gramineous
her has contributed from 95 to 98 per cent, or even more of the total hay, leguminous herbage has been
excluded, and miscellaneous lmrbuFe nearly so. It mn.[vmba snid that any manure that increases the luxuriance
of somo individual plants, more or less reduces the number of species, and of course alters the proportion of the

\ different species in the final product—the hay; whilst there will, according to the conditions, be different

proportions of leaf and stem, and different tendencies to maturation. It is obvionsly, therefore, very difficult
to summorise in a few sentences the results of experiments with 20 different conditions of manuring, carried on
over a period of more than 40 years,

It may be said, that the effect of purely nitrogenous manures, such ns nitrate of sode, and more still,
ammonium-salts, is to reduce the total number of species, characteristically to increase the growth of gramineous
specics, almost fo exelude leguminons herbage, and to reduce the number and proportion of miscellaneous
gpacies, but to inoreage the luxuriance of a few of those that remain. Purely mineral manures, supplying
abundance of potash and phosphoric acid, iu & less degree reduce the total number of species, do not increase
tho luxuriance, though they favour the stemminess and maturation of the grasses, but reduce the percentage by
weight of such herbage in the liay. Such manures, however, greatly increase the luxuriance, and proportion
by weight in the hay, of leguminous species ; whilst they reduce, both the number of species, and proportion by
weight in the hay, of the miscellaneous herbage.

It is thus abvious that the weights of hay per acre yielded under the varying conditions of munuring, do
not represent the comparative value of the produce grown under the different conditions. For example,
thore lias been an averago of only about 1 ton per acre of first-crop hay without manure, the produce being,
however, the most complex of all. With purely mineral manures, containing potash, the average annual yield
{ of first-crop hay has been rather more than 1} ton; with fewer species, but containing a considerable proportion
of leguminous herbage; in fuct, the hay grown by such manures, is of better quality than thet produced by
any other of the manures in the series. With an excess of mineral and uitro%enoua manures together, the
average yield per acre has been nearly 3 tons of first-orop hay ; but the produce has contained no leguminous,
and very littlo miscellaneous herbage, and from 95 10 98 per cent. of gramincous herbage, perhaps 90 per
cont,, consisting of only 4 to 6 of the most freely growing and conrser species, which have been characterised by
great stemminess.  Further, it may be stated, that the one ton of the very complex unmanured hay would
contain about 73 1b. of phosphorie acid, about 25 1b. of potash, and about 30 b, of nitrogen; that the 1} ton of
hay grown by the purely mineral manures, with its ripened grasses, and large proportion of leguminous
herbuge, woulti, contain about 18 1b. phosphorie acid, 75 1b. of potash, and 50 Ib. of nitrogen; whilst the
3 tons of almost exclusively gramineous, and very stemmy hay, grown by excessive amounts of mineral and
nitrogenous manures together, would remove about 80 1b. of phosphoric acid, about 145 Ib. of potash, and about
108 1b. of nitrogen.

Between the extremes above indicated, the 20 plots afford examples of very great variety, not only in

uantity of produce, but also in quality, depending on both the botanical and chemical composition, and on
the character of development of the plants. The experiments were not arranged to provide exact examples for
practice, but to ascertain the characteristic effects of different manurial agents on the quantity and quality
of the Mixed Herbage, and thus to afford data for application in actual praciice. The general resull has been
to show, that if artificial manures are largely or mainly relied upon, certain descriptions of herbuge will be
unduly foreed at the expense of others, and also that the character of duvel?{)ment of the plants will be materially
| affected. In order to maintain a due admixture of herbage on grass-land mown for hay, farmyard or stable

( dung should be liberally applied; and it is also conducive to the same end to consume the second crop on the

' land, with cake or corn.” The more a good condition of the herbage is induced and maintained by such means,

the more safely may some inereased Tuxuriance, and so increase produce, be obtained, by the judicious use

' of artificial manures, Provided dung be liberally used, it will not as a rule be necessary to apply potash arti-

‘ ficially ; but phosphate may advantugeously be used as basio slag, and nitrogenous manure in the form of

nitrute of soda, which, however, should seldom be useéd at the rate of more than 1 cwt. per acre.

| For details of the manuring and produce of the different plots, see pages 22-23.
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( 22 ) THE

EXPERIMENTS WITH DIFFERENT MANURES ON
The Land has probably, been laid down with Grass for some centuries. No fresh sced has been artificinlly
sown for more than 60 years certainly; nor is thers record of any having been sown since the Grass wae first
laid down. The experiments commenced in 1856, nt which time the character of the herbage appeared fairly
uniform over all the glots The present season, 1901 is therefore the 46th year of the experiments. Excepting as
ct:]xplamed ]Il:\t the Table, and in f;{m foot-notes, the same description of Manure has been applied year after year to
1e same plo
During the first 19 years of the experiments, 18561874, the first erops only, each year, were mown, made into hay, ‘
removed from the land, and weighed. As a rule, the second crops wore fod-off by sheep having no other food, the
objoot being not to disturb the condition of the monuring. A given number was nllotted to each plot, aceording to the v
mnount of produce, penned upon a portion of it, and the aren extended, day by day, until the whole was eaton down. ‘ ‘
r:luantly, however, the animals suffered coumdembly. and in 1866, 1870, 1873, and 1874, the second crops (and
third, if any) were ent, and spread on tha respective plots. In the twentioth BEASON, 1875 the second crops being unusnally |
heavy. and the weather favourable, they were, for the first time, cut, weighed as hay, and removed. In 1876 they wera
cutand spread on the plots. In 1877 and 1878 the second crops were nmdumtohuy. weighed, and removed, In 1879, 1882, :“
1801, 1892,1894, 1896, 1897, 1898 and 1900, the second crops were cut, sampled, carted, and we1gl1cc1 green ; the dry matter i
in the welghezl Bmllplt.s was determined, and the produce reckoned into hay by nddmg one-fourth to the caleulated dry
matter Em acre, In 1880, 1881, 1883, 1886, 1888, 1889, 1890, 1893, and 1895, the second erops were agnin made info hay,
weighed and vemoved ; and it is intended in future to a.dopt 'this plan whenever the weather will permif, In 1884, 1880.
and 1887, owing to the dryness of the sensons after cutting the fivet crops, there was but little growth ; the soeond crops
wero therefore again cut, but spread on the respective plots; and in 1899, Plots 9, 10, 11-1, 11-2, 13, and 14, were also
so breated.  Owing to the change in the treatment of the crops, the average produce per annum is given, sqmmt{.ly, lor “
the first 20 years, 1856-1875 first crops only ; and for the succeeding 24 years, 1876-1899, first and second crops ('?).
(Avea under experiment,

aboutg 04404 Heotare v wsweor 1585 Prussian Movgen,

abont 0°453 Kilogramme.. .. .. or 0907 Zollverein Plund,

nhout} 50'8  Kilogrammes., .. .. or 1:016 Centner,

about) 10156  Kilogrammes ~ or 20°32 Centner.

about)  1:12 Kilogramme per Hectare or 0572 Zollv, PAl, per Pr, Morgen,
about) 1256  Kilogeammes per Hectare or  0:G41 Centuner per Pr, Morgen,
(about) 2512 Kilogrammes per Hectare or 12:82 Centner per Pr, Movgen. !

1l acre.. ..

11b, (pound avoir, )

1 cwt. (hundledwelght)

1ton .. ..

PLots, 1 lb, per acre .. ..
1 cwt. per acre .. ..
1 ton per acre .,

i

Manures, per acre, per Annum, [In 1897, and since, 400 lbs. Basic Slag used throughout instead of Superphos.]

{18.)6—[;3 8 yeurs, 14 tons Farmyard Manure, and 200 1bs. Ammonium-salts ™ ; average produce 494 cwts,
1864 and since, 200 Ihs. Ammonium-salts alone ; average produce (12 years, 1864-75) 38] cwts, .. }

1856-63, 8 years, 14 tons Farmyard Manure; average produ(-e 427 ewis,
2 {ISBL and sinee, unmanured ; average prolhlcu (12 yeu.rs, 180-1-75) 327 cwt&.
3 Unmanured confinuously o sl by Ciee e mew
{1 84 cwts, Superphosphate of Lime® .. veu wei mw e few e e ‘
{2 84 owts. Superphosphate of Lime, and 400 lbs. Ammomum-salts . s !

North half Unmanured .
5 400 1bs. Amm.-selts, 42 yrs., 1856-97, 1898 and sinee— South half 400 1b, Basio Slug, and 500 1b. Sph. l'ot
1901, West half 516 1b, Ammonium Bicarbonato

1856-08, 13 years, 400 1bs. Ammonium-salts ; average produce 304 ewts. .. .

1869-78, 300 1bs., 1879 and since 500 1bs. Sulph Potash, 100 Ibs. Sulph. Sﬂdu. 100 Ibs. Sulph \[nwnesm
8% ewts, Supmphosphate average produca (7 yrs., 1869-75) 81} owts, .. .

1856-78, 300 1bs,, 1879 and since 500 lbs., Sulplm.te Potash, 100 lbs. & &ulp]mte Soda, 100 lba Slﬂplmte
Magnesm and Si cwts. Superphosphate }

1856-61, 6 years, 800 1bs. Sulph. Potash, 200 lbs Sulph Boda, 100 Ibs. Sulph Maguesm, and 3{, owts.
Suparphospha.ta uvem%e produca 36 ewts. . ]

1862 and since, 250 Ibs. © SBulphate Soda, 100 Ths. Sulphnto Mngnesm, nml 3& owts. Superphosphate

-

average produce (14 years, 1862-75) 274 owts. ..
1856-78, 300 1bs., 1879 and since 500 Ibs., Sulph. Potash, 100 Ibs, © Sulph Sodn 100 Ibs. Sulph Magnesm.

9 { 31 cwts. Superplmsphn.l:e, and 400 1bs. Ammonium-salts .
185b~8] 6 yrs, 300 1bs, Sulph. Potash, 200 1bs. Sulph. Soda, 100 Tbs, Sulph Maguasm 3& owts. Supenphm,-
10 plmhe, 400 1bs, Ammonium-salts; average produce 553 ewis,
1862 and since, 250 lbs, @ Sulph Soda, 100 Tbs, Sulph. Magnesm. 3; owts. Superphosphale, 400 1bs.
Ammomum-salts average produce (14 yrs, 1862-75) 42} cwts.

1 |{1856-78,800 Ibs., 1879 and sinee 500 1bs. Sulph Potash, 100 1bs, Sulph Soda, 100 Tbs, Sulp]: Mngm-sm,
[ 11 { 3% ewls, Su[i)arphosphnte 600 1bs. @ Ammonium-salts’ .. }
i 18'3(1—78 300 1bs., 1879 and since 500 1bs., Sulph. Potash, 100 1bs, @ Sulph, Sodn. 100 Ibs, Sulph ’[ﬂlvnusm,
{ 31 ewls. Superphosphate, 600 1bs. @ Ammmumn-mlts and 400 1bs. Silicate Boda ™ ., }
12 Unmanured continuously
185678, 300 1bs., 1879 and since 500 lbs Sulph Potash 100 Ibg, ® Sulph Sodn 100 1bs. Sulpll Mugnesiu,
3} ewts. Super Elmsphnte, 400 1bs, Ammonium- salts, 2000 Ibs, Out Wheat-straw .. }
14 550 Ibs. Nitrate Soda ®, 1858-78, 800 Ibs., 1879 and sinee 500 Ibs., Bulph Potash "100° lbs @ Snlpl
Soda, 100 1bs. Sulph. Mﬂ.ﬁnesia, and 33 ewls. Superphosphate.. .. w }
1358—'?5 18 em‘s, 550 1bs. Nitrate Soda ..
1876—78 30 Ibs., 1879 and amce 500 lbs., Sulphate Pomh 100 lba Sulphnte Sc-dn, 100 1bs. Sulplmtc
Magnesia, and 35 owts, Su g
( 16 {27.') Ibs Nitrate of Soda, 500 1bs. (300 bs 1858-78). Sulph Potash 100 lbs (200 lbs 1856~63) Sulplu Soda.}

15

100 1bs. Sulph. Magnesia, and 3} owts. Superphosphate .. ..
17 275 1bs, Nitrate of Soda ..
18 {M:xture supplying the (}uanl.lty of Potnxh Soda, lee Maonesm, Phosphonc aOJd Silica, and Nlhogen
contained 1n 1 ton of Hay (commencing 1805) o }
19 275 1bs. Nitrate of Soda, 290 1bs, Sulphate of Polash, and 33 owts. Superphoaphnte (commencmg 1872 )
20 | 327 lbs. Nitrate of Potash, and 8} ewts, Superphosphate (commencmg 1872) .

(1 A i Alts "—equal parts Sulpl and Muriate of Ammonia of Commerce, In 1901, the west hnlr of I'll.-ln 9, 10. 11 1, nnd

112, veceived instead of * A jum-sults " as above, Bicarbonate of Ammonia containing m equimleuf amount of nitrogen ; the west half of
Plot 5 ulso recelved Bicarbonate of Ammonia equal in nitrogen to 400 b, of ¥ Ammonium-salts."

9

%) “*Superphosphate of Lime," IBISB to 1888 inclusive, made from 200 1bs. Bone-nsh; 160 1bs, Sulphuric Acid, Sp. gr. 17 (and water) ;
porp )3

1880-96, made from high per and 1 47 p. ., or more, of soluble pbos. In 189%, and since, 400 1bs. Basic Slag.
(3) Plots 6, 8, and 10, had, besides tha “Manures s]wﬂﬂml 2000 s, Suwdust per acre per annum for the firdt seven yenrs, 1856-1884, but
without effect. (4) 200 1bs., 1856-63 inclusive, (pe 500 Ihs. in 1862 and 1803.

#) 800 1bs, 1856-"58 3 400 lbs. 1860-"81 3 800 by, 1862-"81 3 600 1bs. 1882 and siu
7) The anl!catIou of Silieates did not. commence until 1862 9 years (1862-1870). 200 Ibs. Silicate Lime, and 2001bs, Silicate Sodu; 1871, and
since, 400 1bs, Silicate Soda.  (3) 680 1bs, Nitrate of Soda {s r the same of Nitrogen us 400 1bs. of  Ammoniun-salts.” J
; I

") The Manures specified were first applied In 1859 (pmvlouly. 15567 and 8, Sawdust only).
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| I
PARK. ( 23 )
| PERMANENT GRASS LAND.
On January 7, 1881, conrsely broken-chalk, in the condition of moisture in whieh it was brought from the pit, was applied at the
rate of 2000 1bs. l)m' acre, for a length of 49 links down each of the Plots 1 to 18 inclusive; and on Webruary 26, partially dried
and finely ground and sifted chalk, was applied to the same portion of the same plots, at the rate of 1000 1bs. peracre. In November |
1883, ench plot (1 to 20 inclusive) was divided, and upon one-half of each 2000 Ibs, per acre of fresh burnt lime (slacked), wis ‘
ulJpliad, in addition to the ordinary manures as stated in the Table; and in November 1887, the other half of most of the i;lnts.
also reeeived 2000 1bs. per acre; the excoptions being, that Plot 5 did not receive any in 1887, and that the porfions of Plots
11-1 and 11-2, which Lnd received the Lime in 1883, in 1887 received 2000 Ibs. per nere more, and the other hall which did
ot receive any in 1883, then (1887) received 4000 Ibs. per acre. Lastly, in December 1896, the half of Plot &, which had
V. not previously received any lime, received 4000 1bs, per acre of freshly burnt lime (slieked); and the other half, which had
formerly received 2000 1bs,, now received snother 2000 1bs, {-er acre, making in all 4000 lbs,, the sume as on the other half.
It was not until some yeurs after the application of chalk, early in 1881, to small portions of some of the plots as above
referred to, that the effects were sufficiently marked to render it desitable to out and weigh the produce separately; and it |
was not until 1884 that it was so treated. The produce of the whole of these chalked portions was, however, exeluded from the
recloning of the average produce of the plots, as given in this annual report, in the ease of all the firat crops of 1881, 1882,
I 1883, and 1886 to 1000 inclusive. It was also excluded in 1884 and 1885, in the case of the plots where the produce was separately
weighed (Plots 6,7, and 8, 1884, and 8, 6,7, 8, and 11-1, in 1885), but included in the other eases in those fwo years. Again, in the
ensa of the second erops, it was only in those of 1881 (a few of those of 1882), 1886, 1891, 1892, 1894 and 1896 (excepting Plots 6,
7, and 8), 1897, 1898, and 1900, that the produce of the chalked portions was included. In the ease of the remaining or main
portion of the plots, to one-half of which a dressing of slacked lime was applied in November 1885, and to the other half in
November 1887, there has, on some plofs, been marked effect, but it is the average produce of the two portions that has each
year been given, as the produce of the plots. Below is given, besides the usual averages, the produce for both 1899 and 1900.
For Plan of the Plots, and brief summary of results and conclusions, see pp. 20-21.
about 7 acres.)
o
] PRODUCE PER ACRE, WrIGHED AS HAY.
Average per Annum Average per Annum | o
90 Years, 1856-75. 24 Years, 187699, farty-fousth Season, Foxty-fifth Season, py oy,
Prors. (First Crops only.) {Fivst and Second Crops.) k! e
Years, | 10 Years, | 20 Years, | First | Socona [ o | ¥ N ot | P
Nhotgs. | 1866015, | 1856-15. | Orops(19). | Grops(iey,| Total (I,JG? c%ﬁf(’?ﬁl), Total, | et Crogi, | Total:
Cwts. Cwts. | Cwts. Cwts, | Cwts. | Cwts. Cwts, Cwts. | Cwts. | Cwts. | Cwts. | Cwts.
1 48% 373 | 43 263 9% | 36} 213 213 17 2 19 1
2 413 32 | 36] 20 7% |27 128 128 14 18 158 2
3 922} 20 | 213 16§ 73 | 23% 12 12 12} 13 14 3
J1| 28 213 22%} ®| 17 78 | 243 123 123 151 23 173 1} 4
2| 83 | sof |s2 293 9 | 381 273 273 20} 2 | 224 |2
s o5y g1 | [11E 11§ 12% 1 | 138
5 303 | 22 | 26} 16§ (%) 9 (') 254C°) {33 o o | o2 | 5
6 313 303 | 30% 285 10% 39 26 26 31 7% 388 6
7 331 36% | 35% 291 128 | 412 295 29§ 273 8 35% 7
8 333 263 | 804 193 8% | 27§ 183 183 19} 43 238 8
|
9 533 484 | 51 444 13% 588 48% 48% 37% 4 41% 9
10 592 |, 89 |46} 362 133 | 503 31§ 315 381 3% 363 10
1| 612 533 | 573 498 228 | 721 593 593 483 7 558 |1 "
11 1
2| 632 613 | 623 58% 22 803 65 65 60} 9% 708 | 2
12 25 227 | 24 178 9 | 263 16 16 163 | 2 183 12
13 553 595 - | 573 483 174 | e6g 543 543 |- 45% 43 493 13
14 534 603 | 57 49% 117 61% 57% 57} 493 93 58% 14
15 364 35 3531 0 27% 8% |36 | 333 332 35% 6% 42§ 15
16 451 | 473 | 463 393 | 103 | 504 413 413 | 38 43 | 421 | 16
17 34} 33% | 83 283 9 | 873 e 273 29% 25 31% 17
18 21 83 | 8%y (M) 29% 13 | 40z 33} 333 | 223 | 88 | 25% 18
19 o . 38&} sl BTk 108 47% 43 43 40% 8% 49 19
20 oo b Tseky™) sep | 108 | a0g 43% 43§ 38 | 7 45 20
103 Avernges of 8 years, 10 years, and 18 years, a8 these experiments did not commence nntll 1868,
1) Averages of (1 year), 10 years, and 11 years, as the experiment only commenced in 1865, (12) Averages of 4 years only, 1872-75,
13y In mssan\ 1860, Ehe first crops belng got up in bad condition, the weights of hay per aere were corrected by adiling one-fifth to the
determined dry. tunce, This corresy to an unifi of 163 per cent, of molstura in the first crops of hay.
(14) As in 1876 the second crops were not removed, those of 1876, which were, are brought in (nstead; and a8 also in 1884, in 1885, in
1887, wnd In 1809, the sccond crops were not removed, the aggregate second crops of the 20 yenrs (1875, 1877-83, 1886, and 1888-98) ar
divided by 24 in estimating the average amount of produce of second crops removed per unnuim over the 24 years, See also Note (1)
Elfg Avarages of 20 years only, 1876-07. (19} In 1899, the second crops were too small to weigh or emove.
17) 1n 1000, as In '79, '82, '88, '00, '81, '92, '04, '86, *07, and '98, the second crops being got up in bad condition, the produce of hay per acre
was corrected by adding one-fourth to the dotermined t of dry sub This cor ds to an uniform amount of 20 per eent, of
molsture in the second crops of hay. '
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(24 ) ’

Prax oF THE Prors v HOOS FIELD,
on waicH BARLEY HAS BEEN GROWN

for 50 years in succession, 1852 to 1901 inclusive.

[For a brief summary of results and conclusions, see opposite page.]

0 LEIZEIN

SY¥Y

v._.l
TV
—8auLag

Gauge Series

w
3 iii
ta|lb2|| 4 3 2 / L§ |
N
: " |
7" b-1 4 3 2 / Bg
( S |

Total area of ploughed land about 53 acres.

1, 2, 8, and 4, of Series O, Series A, and Series C, each i acro.
1,2, 3, and 4, of Series AA, and Beries AAS, each {; acre.
1N,2N,50,and 5 A, each 4y nore.

6-1 and 6-2, each about } aere (0-187 acre).

7-1 and 7-2, each about z acre (0°118 acre).

The double lines indicate division paths between plot and plot.

[For details of the manuring and produce, see pp. 26 and 27.]

Ares of Plots.
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RESULTS OF EXPERIMENTS MADE IN HOOS FIELD ON THE GROWTH OF

BARLEY,

for 50 years in succession on the same land—without manure, with Farmyard manure, and
with various artificial manures,
The results show, that on the growth of Barley year after year on ordinary arable land, the
produce by mineral manures alone is higher than that without manure ; that nitrogenous manures
alone give more produce than mineral manures alone; and that mixtures of both mineral and |
nitrogenous manures give much more than either used alone—indeed, generally twice, or more
than twice, a8 much as mineral manures alone. Of mineral constituents, whether used alone or
in mixture with nitrogenous manures, phosphates were much more effective than mixtures of
salts of potash, sods, and magnesia. The averages show that, under all conditions of manuring
‘ (excepting with farmyard manure), the produce was less over the later than over the earlier |
periods of the experiments—a result partly due to the seasons. But the average produce for
48 years of continuous growth of Barley has, in all cases where nitrogenous and mineral manures I
(containing phosphates) were used together, been much higher than the average produce of the
crop grown in ordinary rotation in the United Kingdom ; and very much higher than the average |
in most other countries when so grown.

Barley is appropriately sown in a lighter soil than Wheat ; and whilst Wheat is usually
sown in the autumn, Barley is as a rule sown in the spring; and hence it relies in a much
greater degree on the stores of the surface soil. Accordingly, it is more susceptible to

J exhaustion of the surface-soil in nitrogenous, and especially in mineral supplies ; and hence, in
the common practice of agriculture, it more generally requires the direct application of mineral
manures, especially phosphatic manures, than does Wheat when grown under equal soil condi-
tions. The exheustion induced by both crops is, however, characteristically that of available
nitrogen ; and when, under the ordinary conditions of manuring and cropping, artificial manure
is still required, nitrogenous manures are as a rule requisite for both crops ; and for the spring
sown Barley more generally than for Wheat, phosphatic manures also. It is not recommended
that Barley should in practice be grown year after year on the same land by artificial manures
as in these experiments; but, in addition to the lighter soils on which it is more appropriately
grown in ordinary rotation, it may be grown, both in full quantity per acre and of good quality,
after Wheat, or other grain crop, on the heavier soils, when the land is clean enough for a
second cereal crop.

For details of the manuring and produce of the different plots, see pages 26 and 27.
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HOOS

ExperiMenTs ov 1HE GrowrH or BARLEY YEAR AFTER YEAR ON THE

Previous Cropping— 1847, Swedish Turnips, with Dung and Superphosphate of Lime, the Roots carted
off; 1848, Barley (with clover); 1849, Clover ; 1850, Wheat ; 1851, Barley manured with Amm.salts.
First Experimental Barley Crop in 1852, Barley every year since. The crop of the present year,
1901, is, therefore, the 50th Barley erop in suceession. Unless stated to the contrary in the Table, or
in the foot-notes, the same Manure has been applied year after year to the same Plot. Description of

(Area under experiment,

1 acre (about)  0'404 Hectare .. .. .. .. or 1°585 Prussian Morgen.

1 bushel .. .. .. about 0'364 Hectolitre .. .. .. or 0662 Prussian Scheffel.
L 1b, (pound avoir.).. about, 0458 Kilogramme .. .. .. or 0907 Zollverein Pfund.
1 cwt, (hundredweight)

about) 50'8  Kilogrammes .. .. .. or 1°016 Centner. ‘
(about) 09  Hectolitre per Hectare .. or 0°418 Pr. Scheffel per Pr. Morgen.

about}  1+12  Kilogramme per Hectare or 0572 Zollv. Pfd, per Pr. Morgen, |
about) 1256 Kilogrammes per Hectare or 0-641 Centner per Pr, Morgen,

Prors, L bushel per acre ..
I Ib. per acre ..
1 cwt. per acre

ot nnn

Manures, per acre, per annum. [In 1898 and since, 400 1bs. Basic Slag used throughout
insiead of Superphosphate.]

|
|

1 O. Unmanured continuously 5o oo 55 o ey e, o5 oo w0 oo oo !
2 0. 3} ewts. Superphosphate of Lime W .. ., .. . .. . o e e I
3 0. 200 lbs, @ Sulphate Potagh, 100 lbs, ® Sulphate Soda, 100 lbs. Sulphate Magnesia .. .. .. .. .. {
1+ 0. 200 1bs, @ Sulphate Potash, 100 1bg, ® Sulphate Soda, 100 Ihs. Sulphate Magnesia, 33 cwts, Superphosphate ]
1 A. 200 Ibs. Ammonium-galts® .. ., .. .. . .. . B T
2 A, 200 Ibs. Ammonium-salts, and 3% ewls, Superphosphate .. .. .. . . o o o o L L
3 A, 200 lbs, Ammonium-salts, 200 1bs, & Sulpﬁ. Potash, 100 Ibs, ® Sulph. Sods, 100 1bs, Sulph, Magnesia .
oy 200 Ihs. Ammoninm-salts, 200 1bs,® Sulph. Potash, 100 1bs, ® Sulph. Soda, 100 lbs. Sulph. Magnesia,
e 33 cwte, Superphosphate’ .. .. oo w5 we e owe ww e ws we ces v wet ean sw ..}‘

1 AA, | 275 Ibs. Nitrate Soda R T e v wer w
2 AA. | 275 1bs, Nitrate Soda, and 3% owts. Superphosphate .. .. .. .. o e w0 W

<8 AA, | 275 1bs. Nitrate Soda, 200 1bs. ® Sulph. Potash, 100 1hs. @ Sulph. Soda, 100 1bs, Sulph. Magnesia ..
L AA {27:’1 1bs. Nitrate Soda, 200 lbs. ® Sulph. Potash, 100 lbs.*» Sulph. Soda, 100 lbs. Sulph. Magnesia,}

34 cwts. Superphosphate .. .. Y paw e e ‘

(1 AAS. | 275 lbs. Nitrate Soda, 400 lbs. Silicate Soda © sl oo Ba oo ooy .00 |
2 AAS. | 275 1bs. Nitrate Soda, 400 1bs. Silicate Soda, and 3% cwts Superphosphate ® oo 1 oMM odl co 66 ob
275 1hs, Nitrate Soda, 400 lbs. Silicata Soda, 200 1bs.'2 Sulph. Potash, 100 lbs. ® Sulph. Soda, 100 1bs.

m13 AAR. { Sulph. Magnesia: -0 o "loa e e Tend wE o oAne ase e RW el ORI by Les S
4 AAS 275 1bs. Nitrate Soda, 400 Ibs. Silicate Soda, 200 1bs. ® Sulph. Potash, 100 Ibs. ¥ Sulph. Soda, 100 1bs.|
\ ’ { Sulph. Magnesia, and 3} cwts. Superplosphate TR T T S A T VI L o) Q. }
1 C. 1000 1bs. Rape-cake .. .. .. .. .. . .. " |
2 C. 1000 1bs. Rupe-cake, and 3% cwts, Superphosphate .. .. .. .. .. . o L L -
<3 C. 1000 Ibs. Rape-eake, 200 1bs. @ Sulph. Potash, 100 s, ¢ Sulph. Soda, 100 1bs, Sulph. Magnesia .
10 1000 1bs. Rape-cake, 200 Ibs.» Sualph. Potash, 100 lbs. @ Sulph. Soda, 100 lbs. Sulph. Magnesia,
: 3% cwis. Superphosphate .. .. .. .. .. .. . . o EECERRTIETR TR |
1 N. | 275 1bs. Nitrate Soda WO R e Td ) BROER OB R A BmAeR e b wesa o {
12 N [ 275 Ibs. ™ Nitrate Soda i %0 5§ 5 Gh 55 «sb b S8 wE @9 W ED W lee 0, TS e
| [
5 O. 200 Ibs, » Sulphate Polash, 3% owts. Superphosphate ' .. .. .. .. .. . L L [
3 A 1 200 1hs, # Sulphate Potash, 33 ewts. Superphosphate, and 200 1bs. (') Ammonium-salls .. e
M 100 s, Sulphate Sada, 100 Ibs. Sulphate Magnesi:., and 33 ewts. Superphosphate .. .. .. .. .. |
|
g 1 Unnanured continuously S eeaeeewean e em e wa BRT W am e e .
{2 Ashes (burntsoil and twif) .. .. o 0 L L L o e e e e
-1 Farmyard Manure 14 tons, 20 yrs., 1852-71 5 unmanured since
2 Farmyard Manure 14 tous, every year .. 3 o0 ¢
|

() “Buperphosphate of Lime," 1852 to 1887 inclusive, made from 200 lbs, Bone-ash, 150 lbs, Sulphuric acid, sp. gr. 1'7 (and
water)’; 1888-1887, made from high percentage mineral phosphates, and containing 37 per cent., or more, of soluble phosphate, In
1898, and since, 400 Lhs, Basic Slag used throughout instead of Superphosphate.

(%) 300 Ibs, per annum for the first six years, 1852-7.

() 200 Ibs, per anvum for the fivst six years, 1852-7,

(*) The * Ammonium-salts ” (excepting in 1887), equal parts Sulphate aud Muviate of Ammonia of Commerce. In 1887
Sulphate Ammonia only, 225 lbs. per acre, equal in Nitrogen to the “ Ammonium-salts” of previous yems, In 1901, the south
haif of Plots 1 4, 2 A, 5 A, and 4 A, veceived instead of * Ammonium-salts ” as above, Bicarbonute of Ammonia containing
an amount of nitrogen equivalent to that of the “ Ammonium-salts ” applied to the other half.

(%) Fivst 6 years, 18527, instead of Nitrate of Soda, 400 lbs, Ammonium-salts per annum ; next 10 years, 1858~67, 200 Ibs.
Ammonium-salts per annum ; 1868, and since, 275 lbs. Nitrate of Soda per annum, 275 lbs. Nitrate of Soda is reckoned to contain
the same amount of Nitrogen as 200 lbs, ¢ Ammonium-salts,”
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FIELD.

§AME LAND, WITHOUT MANURE, AND WITH DIFFERENT DESCRIPTIONS OF MANURE.

Barley—29 yoars, 1852-1880, Chevalier; 10 years, 1881-1890, Archer’s Stiff Straw ; 7 years, 1891-1897,
Carter's Paris Prize ; 1898 and since, Archer’s Stiff Straw. In the spring of 1894 permanent division
paths wore laid out between plot and plot. Below is given, besides the usual averages, the produce for
both 1899 and 1900.

Tor Plan of the Plots, and brief summary of results and conclusions, see pp. 24-25.

about 44 acres.)

PRODUCE PER ACRE.

Dressed Grain.
! £ — Total Straw,

TLoTs. 7 I Quantity. B Weigll[pfl‘ Iiusl:el.r N | i Prors.
i asth | asth Avgraget, atn | asth | AT || som
=—————p=3 il 777,_ Year, | Year, : | Year, | Year, | ) vy |94 vy, Vrs. Yeor, | Year,
Sy e Soags. | 18990 | 1000. 1?55-{:; e favas, | 1899 | 1900. 662 To.\ibhe 96, 1953 00, | 189%- | 1000.
Bush. | Bush. | Bush. Bu; Ea; 1bs. 1bs. 1bs. 1bs. 1bs. | Cwts. | Cwts. | Cwts, |Cwts.| Cwts.
10 18p | 128 | 15y 8 | o2 | sip| ey slp| sig| 11 |6k 9| 55| 531 o.
2 0 o1i | 165 | 208 113 | 10b | 534 | 53| 58| sel| 52 | 128 | 83| 108 6| eijzo.
30 a3 | 120 | 16§ 74| 73| soh | sl | b2g| 53i| &2 | llE| 6 9% 55| 5 80.
40 25¢ | 16 21 114 | 123 | 584 | 52% 534 543 | 52 13% 82 108 7% 8% 4 O.
1A sip | 23| o7l 1sy | 16y | 5% | sig| 6ol sop| 51 | 17h| 12| 18H 1| 9 1A
2 A. 46¢ 351 404 281“ 143 | 533 | 52 52§ 58 498 26% | 194 23 | 16 98— 2 A,
3 A 345 | 258 | 804 2} | 0] soj | bop | 52| 54 | 53 | 200 | 14| 17| 183 | 10§ |3 A.
s A | ash| 403| a2y 208 | 2en| sep| 5e | 64| seg| G8p| 28 | 22| 25R 17k | 14 4 A
1AA. | 36 | 265 | 813 oo | 21z | o3| 52| 523 53 | s1g| 21| Isp| 183 173 | 1411 AA.
5 AA. | 4sp | 403 | 48 as3 | 275 | 583 | 533 |  6O4| 5o | 52 | 204 | 28%| 268 28% | 173 [2 AA.
3 AA. | 363 | 28 asd| s0i | 258 | 524 | 52| 52§ 544 | 52%| 28 | 178 | 204 18§ | 15} |3 AA.
4 AA. | 483 | 398 | 443| 403 ‘ 313 | 533 | 5¢ 533 5oy | o | 513 | 268 |  2g| 263 | 193 |4 Aa.
|
[

1 AAS. | 73| 83y | (344 sse| sop | 5ap | s3p| (933 sep | 23| 213 | 194 | (204 213 | 18k |1 AAS.
2 AAS. | 473 | 433 | |44j] 44 | 26§ | 35| 5¢ 543 se | 51| osi | o253 | |26 261 | 153 |2 AAS.
5 AAS. | 42 | 35 (a7el soy | 29p | sep | 5e |(9ioad| sop | o5 | 248 | 208 |(oieed] 223 | 163 (3 AAs.
4 AAS. | asg | 43| eon| a0y | sex | ook | o4 | |oh) sop | SOy | 0B | 27k | (24268 | 2134 AAS
10. sty | 53| a0z sop | 251 | ssg| 5e | %3 sea| s2p| 258 | log| 228 1e3| 121G
2 C. 463 | 8y | 423 s3) | oi | osf| sem| 54| sep | 52f | 278 213| 24418 | 132 C.
3 C. 493 | 843 38§l 273 | 20 | 58% | 54 54 | 543 | 52% | 26 | 19§ 22§ 153 | 11§ 18 C.
4 0. 163 | 37 a1y 31 | oop| sea | sep| o6 | ag| oop| 28| 2g| 25 |m| 12
|
U N, | 87 | 208 |sgoal 33 | 27| 23| 528 |aa(28| 543 | 512 | 22% | 173 | {193 19 | 14§ 1 N.
iN | o | s e 374 28 oo (w){ssg sai | 50g | 258 | 205 (\22f] 223 } 16 2 N.
50, o13 | 143 w173 92 | 78| 533 | 538 o583 52 | soz | 11z | 8% |wf 93 64| 53[50
5 A. isy | 320 () 37g a7} 20§ sit | sag (\asi| ssg | s3i| 274 | 208 (@8 173 | 15k |5 A
M. | 19% 18%— ‘,(N) 19 (15) (15) 53% 53&, (H) 533 (15) (15) ]_lg. ‘ g,g. (14) ]0% (15) | (15) M.
|

1 oog| 1ss|  1ml ey | 1op| seg| sz | b2y s2 | sy | 11E| 73 og| 52| 73,
6y 21 | i | 17 7 11% s2i | 523 | o2p| 52 | 52 11;! 7% o8| 51| g 22}"

1 483 27§ (%) 36§ 12§ | 16§ | 548 | 54 (") 543 55} | 52§ 284 ‘\ 15% |(*%) 21 8 104 ]l

7y a5y | 480 | 48y 42 | B1f | oef | o4 | 54 57 | beg | 284 80§ 20f 28 | 18} }2}7

(%) The application of Silicates did not commence until 1864; in 1864-5-6 nnd 7, 200 Ibs, Silicate of Sodn and 200 lbs.
Silicate of Lime were applied per acre; Lut in 1868, and since, 400 Ihs, Silicate of Soda, and no Silicate of Lime. These plots
(** AAS™ ) comprise, respectively, one half of' the oviginal ¢ AA ™ plots, uud, excepting the addition of the Silicates, have been, aud
ive, i other vespeots, manuved in the same way as the ¢ AA " plots, )

7) 2000 1bs. Rape-cake per annum for the fivst six years, and 1000 Ibs. only, ench year since. ‘

(*) 800 Ibs, Sulphate of Potush, and 3} cwts. Superphosphate ol Lime, without Nitvate of Sada, the fivst yenr (1852); Nitiate

alone each year since, (") 550 Ibs. Nitrate of Soda for 1833-4-3-6, and 7; and 275 Ibs. only, each year since,
) Ammonium-salts also the first year, but not since. (") By mistake 400 Ibs, in 1880,
12) Averages of 12, 24, and 36 years, 1864-9%. (1) Averages of 23, 24, and 47 years, 1853-99.

(") Averages of 17, 17, and 34 years, 1858-78, and 1880-92. The produce of 1879 was not weighed, owing to the foulness
of the plot, from the wet season. (') Not recorded. (%) Averages of 20, 28, and 48 years, 1852-09,

https://doi.org/10.23637/ERADOC-1-229

pp 29


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

( 28 ) (]

PLaN oF THE Prors in BROADBALK FIELD, |
oN whatcH WHEAT HAS BEEN GROWN ‘

for 58 years in succession, 18434 to 1900-1901 inclusive. |
[For a brief summary of results and conclusions, see opposite page.]

__'_|—'__—'_'—_——'7___"—

20|\1q |{18] 1y |[ 10 || /5| |13 || 2 i|relglle || 7|65

I{
I(
|

L

B

19| 18| 17|{ 16| 15| 2| 13| 12| 11|\ re| 4 || 8 |[ 71| & |l & ][4 |2

UL LU

s

! ¢ .
' \

]
{

.
' 1 . H

AL [[IE
Brick Trench for collecting the Pipe Drainage from each Plot.

Total area of ploughed land about 11 acres.

Area of Plots 3-4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, and 19, each % acre
Avrea of Lands A and B of Plot 2, each  acre.
Aven of Plot 20, about } acre.

The double lines indicate division paths between plot and plot; also a path across the centre of each plot.
[For details of the manuring and produce, see pp. 30-31.] '

|
1
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RESULTS OF EXPERIMENTS IN BROADBALK FIELD ON THE GROWTH OF

WHEAT,

for 58 years in succession on the same land—without manure, with Farmyard manure, and
with various artificial manures. During the first 8 years, 1844-1851, various mineral and
nitrogenous manures were applied, but not es a rule the same from year to year on the same
plot. But, from 1851-2 to the present time, the same manures have, with few exceptions, been
applied year after year on the same plots.

The results show that, unlike Leguminous crops such as Beans or Clover, Wheat may be
successfully grown for many years in succession on ordinary arable land, provided suitable
manures be applied, and the land be kept clean. Even without manure, the average produce
over 47 years, 1852-1898, was nearly 13 bushels per acre; or more than the average of the
whole of the United States of America, including their rich Prairie lands ; in fact, about the
average yield per acre of the Wheat lands of the whole world. Mineral manures alone give
very little increase ; nitrogenous menures alone considerably more than mineral manures alone ;
but the mixture of the two has given very much more than either separately. Indeed, in one
cage the average produce by mixed mineral and nitrogenous manure was more than that by the
annual application of Farmyard manure; and in 7 out of the 10 cases in which guch mixtures
were used, the average yield per acre was from over 2 to over 8 bushels more than the average
yield of the United Kingdom (which is rather more than 28 bushels at 60 1b. per bushel), under
ordinary rotation.

Tt is estimated that the reduction in yield of the unmanured plot over the 40 years,
1852-91, after the growth of the crops without manure during the 8 preceding years, was,
provided it had been uniform throughout, equivalent to a decline of one-sixth of a bushel from
year to year due to exhaustion; that is irrespectively of fluctuations due to season.

For details of the manuring and produce of the different plots, sce pages 30-31.
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(30 )
BROADBALK

ExperiMENTS ON THE GrowTH oF WHEAT YEAR AFTER YEAR ON THE

Previous Cropping—1839, Turnips, with Farmyard Manure; 1840, Barloy; 1841, Peas; 1842, Wheat; 1843, Onts;
the last four Crops Unmanured.

Tirst Experimental Whont Crop in 1844, Wheat every year since; and, with some exceptions, nearly the same
deseription of Manure on the same Plots each _vcnr—espec{nlf;' during the last 50 years (18562 and since). The Crop
of the present year, 1001, is, therefore, the 58th Wheat Crop in succession.  From the commencement of the experiments
in 18484 up to 1876-7 inclnsive, the mineral manuves, the ammonium-salts, and rape-cake, &e., if any, were sown in the
autumn, before the sced; excepting in 1845 and 1858, when, owing to the preceding wet auturmn and winter, both seed
and manures were spring sown; and for the erops of 1873, 4, b, 6, and 7, the ammonium-salts applied to Plot 15 were
top-dressed in the spring, Nitrate of sods has, however, always been sown in the spring. But, in consequence of the
ascerfained great loss of the nitrogen of the manures by drainage, especially in wet winters, it was decided to apply only
the mineral manores (and Farmyard-manure) in the autumn, and the ammonium-salts, ns well s the nitrate, in the spring ;
excepting on Plot 15, where, for comparison, the ammonium-salts were sown in the autumm. This plan was ndopted for
the crops of 1878, 1879, 1880, 1881, 1882, and 1883 ; but for the crop of 1884 and sinee, each ammoninm-plot (exeept 15)
has received 100 1bs. of ammonium-salts in the autumn with the mineral manures, and the balance of their ammonium-
salts as a top-dressing in the spring : Plot 15, as already statud, receiving the whole of its nmmonium-salts in the autumn.

The description of seed sown was:—for the first 5 yenrs, 18434 to 1847-8, *Old Red Lammas”; for the next
4 years, 1848-9 to 1851-2, ¢ Red Cluster”; for the next 20 years, 1852-8 to 1880-1, “ Red Rostock ”; and for the next
18 years, 1881-2 to 1898-9, “ Club ” or “Square Head ” (Red).” For 1889-1900, aud sinee, * Square-ITead’s Master” (Red).

Notwithstanding very much labour annually bestowed on hand-lhoeing, the land had, partly owing fo the
characters of the seasons, become very foul, Alopecurus agrestis (slender fox-tail) being the most prominent and
troublesome weed. For the crop of 1889, therefore, down ono half the length of the plots (the top), only alternate rows
of wheat were sown, in order, as far as possible, to eradicate this and some other plants: the other hall (the botlom)
being sown in the usnal way. For the crop of 1890, on the other hand, the full number of rows was sown on the fop
half, and only alternate rows on the hottom half of ench plot, in order the better fo clean thab portion. Xor the erops

(Area under experiment.

lacre .. .. ..
1 bushel 0 | oo
1 1b, (pound avoir.)
1 ewt. (hundredweight)
1 bushel per acre ..

about)  0°404 Hectare .. .. .. .. or 1'585 Prussian Morgen,

about)  0°364 Hectolitre v+ w. «. Or 0662 Prussian Schetfel.

(about) 0453 Kilogramme .. .. .. or 0°907 Zollverein Pfund,

(about) 508 Kilogrammes .. .. .. or 1'016 Centner.

(about) 09  Hectolitre per Hectare .. or 0-418 Pr. Scheffel per Pr, Morgen,

Prors, | 1 1b. per acre about) 1:12 Kilogramme per Hectare or 0°572 Zollv, Pfd. per Pr. Morgen.
1 ewt. per acre .. about) 1256  Kilogrammes per Hectare or 0:641 Centner per Pr. Morgen, |
Manures, per acre, per annum. [In 1898-9, and since, 400 1bs. Basic Slag used throughout
instead of Superphosphate. ]
2 {Land 1| Farmyard Manure 14 tons (commencing *84-5) (*%) .. .. .. . .. . .
Land 2 | Favrmyard Manure 14 tons (18434 nnd every year since) .. .. .. . o . v
3 Unmanured continmously.. .. .. w0 ve e weme weae e we e we o we 4w 4
4 Unmanured for Crop of 1852, and since; previously Superphosphate (made with Muriatic Acid), and Sulph, Amm,
5 (aand b% 200 1bs, (1 Sulphate Potash, 100 lbs, @ Sulph. Soda, 100 1bs. Sulphate Maguesia, 34 ewts. Superphosphate @ .,
6 (@andb) | 200 lbs, @ Sulph, Potash, 100 Ibs, @ Sulph. Soda, 100 Ibs, Sulph, Mug,, 3} cwts. Superphos., 200 Ibs, Amm.-salts )
7 (aandd) | 200 Ibs, @ Sulphiate Potash, 100 Ibs, 3 Sulph, Seda, 100 Ibs, Sulph, Mag,, 34 ewts. Superphos., 400 Ibs. Amm.-salts
8 (aandb) | 200 1bs. ® Sulphate Potash, 100 lbs, @ Sulph, Sada, 100 1bs, Sulph. Mag., 3§ ewts, Superphos., 600 lbs, Amm.-salts
9 {a 200 bs, O Sulph, Potash, 100 1bs, @ Sulph, Soda, 100 1bs, Sulph, Mag., 3§ ewts, Superphos,, 275 1bs, Nitrate Soda ©)
b 275 lbs, Niteate of Soda ®, (For the Crops of 1894 and sinee, Plot 9b has received the snme manures as Plot 9a.)
10 {a 400 Ibs, Ammonium-salts alone, for 1845, and each year since; Mineral Manuve in 1844 .. .. .. .. ..
1] 400 1bs, Ammoniume-salts alone, for 45, and each year siuce (except ™46 and *50); Mineval Manure 44, "48, 750,
11 (a and b) | 400 lbs, Ammonium-salts, 3} ewts. Superphosphate .. ..

12 (@ and b) | 400 1bs, Ammonium salts, 3} ewts. Superphasphate, and 3663 lbs, @ Sulphate of Soda .. .. .. .. ..
13 &a and b) | 400 Ibs, Ammonium-salts, 3} ewts, Superphosphate, and 200 Ibs, @ Sulphate of Potash .. .. .. ..
14 (@ and b) | 400 lbs, Ammonium-salts, 3} ewts. Superphosphate, and 280 1bs, (@ Sulphate of Magnesin o =
15 ¢ and b) | 200 Ibs. ® Sul. Pot., 100 Ibs. @ Sul. Sod., 100 1bs, Sul, Mag., 33 ewts. Super. 05 400 lbs. Amm. salts, in Autm, @
1852-64, 13 years, 200 Ibs, Sulph, Potash, 100 lbs, Sulph, Soda, 100 1bs, Sulph, Mag,, 3% cwts. Superphos,,
16 (@and ) and 800 Ibs, Ammonium-salts; average produce 39% bush, Grain, 46§ ewts, Straw o we o mw es
1865-1883, 19 years unmanured ; avernge produce (19 years, 1865-83) 14§ bushels Grain, 124 ewfs, Straw
1884 and since, 200 1bs, Sul, Pot., 100 Ibs, Sul, Soda, 100 Ibs, Sul. Mag., 8% cwts, Super,, 550 lbs, Nitrate Soda @
a7 (aand b) | 200 1bs, () Sulphate Potash, 100 lbs, @) Sulphate Soda, 100 Ibs, Sulphate Mag., and 8% ewts. Superphosphate ..
(8(aand b) | 400 lIbs. Ammonium=-salts .. .. .. .. .. e ae en e ee an e e an e e
19 {1878-9 to *81-2, 1700 lbs,, ’83 and since 1589 lbs, Rape-cake, in Autumn. Previously,’52-78, 3} cwts, Superph.
) ‘ Lime (), 300 lbs, Sul. Am.,, and 500 lbs. Rape-cake; av. prod. (27 yrs.,’52-78) 29% bush. Grain, 27} cwts. straw

1920 Unmanured continuously .. .. .. .. .. . . . L o0 .
21 | Mixed Mineral Manuves as Plot 5, and 100 lbs. Mur, Amm, 1852-’83—then discontinued
22 [ Mixed Mineral Manures as Plot 5, and 100 Ibs. Sulp. Amm. 1852-'83—then discontinued

1) 300 1bs, per annum for Crnp of 1868, and proviously. (2) 200 lbs. per annum for Crop of 1858, and previeusty,

3) * Saperphosphate of Lime,” upto 1887-8 inclusive, made from 200 1bs. Bone-ash, 150 1bs. Sulphuric acid sp. gr. 17 (and Water); 1888-9 to
1897-8, mado from high percentage mineral phosphates, und containing 37 per cent., or more, of soluble phosphate. In 1898-9, and since,
400 1bs. Basle Slag used throughout instead of Su)l'-erprmsplmlo.

(4) The “A salts " pting for the orop of 1887), equal parts Sulphate and Muriate of Ammonia of Commerce, For the season
1886-7 the same quantity of Niwogen was applied, but mostly s Sulpbate Ammonia. In 1901, tbe seeond quarter from the tap of Plots
6, 7, 8, 10, 11, 12, 13, 14, and 18, received instead of the portion of the « Ammonium-salts ” usually applied in the spriug, Blearbonate of
Ammonia containing an amount of Nitrogen equivalent to that in the ¢ Ammonium-salts” it substituted.

4) B, 476 1bs. Nitrate Soda in 1852, 276 lbs. in 1863 and 1854, 550 Ibs, each year from 1855 to 1884. No Sulphate of Potash, Soda, or Magnesia,
or Superphosphate, in 18562, 1853, or 1854, 9b, 475 1bs, Nitvate in 1852, 550 1bs. each year from 1853 to 1884, 6560 Ibs. Nitrate is reckoned to
contain the same amonnt of Nitrogen as 400 1bs. ** Ammoninm-salts."”

(6) For 1868, and previously—14 time as much. (7) For 1872 and previously, made with Murlatlo instead of Sulphurle Acid.

(8) 16a, for 1872 and previously, 400 lbs. Sulphate Ammonia, sown In the Autumn ; for 1873-4-6-6 and %, 400 Ibs. <« Ammonium.salts,” sown
in the Spring ; for 1878 and since, 400 1bs. Ammoninm-salts, sown in the Autumn, 150, for 1872 and previvusly, 300 Ibs. Sulphate Ammonin and
600 1ba. Rape-cake, sown In the Autumn, For 1813 und since, 15a and 156 both alike, as in the text.

(%) Owing to injury to the plant from the full dressing of Nitvate in years of drought, for the crops of 1899 and since, the Nitrate of Soda was
top-dressed at twice, one-half being applicd ench time
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FIELD.
| 8aME [UAND; WITHOUT MANURE, AND WITH DIFFERENT DESCRIPTIONS OoF MANURE,
of 1891 and since, however, the full number of rows have again been sown over the whole length of each plot,
The amount of produce recorded in 1890 for 1880, was that obtained on the full sown, lower, or worst yiclding ]l:lﬁ f of
the plots, and was doubtless somewhat too low. That vecorded in 1891 for 1890, was that obtained on the full sown,
upper, and better yielding half of the plots, which had also been thin sown, and hoed almost up to harvest, in fact,
) purtially fallowed, the yeur before, and henee, although the season was undoubtedly a high yiclding one, there can be
1o doubt that the prorince as recorded was deeidedly too high; and, on eareful eonsideration of the results, the mean
of the produce of the thick and thin sown portions of the plots hussince been adopted for the erop of 1890. Lastly,
the produce for 1891, being that of the whole of each of the plots, half of which had been thin sown, that is, partially
fallowed in 1890, and the other half in 1889, was again doubtless somewhat too high. Thus, the produee adopted for
1889 was undoubtedly somewhat too low; that for 1890 probably very near the truth; and that for 1891 somewhat too
high. The average produce for the three years together is, however, probably very near the truth ; and the averages
since taken for longer series of years, as glven in the Memoranda for 1893, and since, are quite immaterinlly
vitiated by the unavoidable irregularities above referred to.

After the crop of the 50th year (1893) was taken off, the two lands “a” and “b” were thrown together, and
permanent division paths made between plot and plot. In o few cases in each of the yeurs 1894 to 1898 inclusive,
however, the erops on the two halves (@ zullcl b) were kept separate at harvest, and the gmount of produce grown on
each recorded. Below is given, besides the nsual averages, the produce for both 1899 and 1900,

A plan of the plots as now arranged is given on p. 28, and o brief summary of the results on p. 29. It should
be explained that for many years there were, besides the plots indicated en the plan, the manuring and produce of

‘ which are recorded in the Table below, fwo others, namely, Plots 0 and 1, which were under experiment up
| to 1888 inclusive, aud the manuring and produce of which have been recorded in the Memoranda up to 1895, but
| liave since been excluded from the plan and from the annual record. For the manuring and produce of these
| plots seo previous issues of the Memoranda ; also the Appendix Tables in No. 66 (Series 1) in the list of papers
at p. 18.
— about 11 acres.)
l PRODUCE PER AQRE,
L Dressed Grain.
49 — = = 3 "Total Straw.
Proxs, Quantity. ‘Weight per Bushel, Prors,
- T ‘ ——
TA"““E“‘ | s6tn | swn Averages. som | g1 ey Sotn | ith
, Year, | Year | ear, ear, . | ear, ear,
24 Yrs,, | 24 Yrs.,| 48 Yrs., | 3000 * |24 Yrs., 24 Yrs,| 48 Yrs,, 24 Yra, |24 Yra., | 48 Yrs,,
( 1662-76. 1876-90.] 1852-90, | 1999 | 1990 Niggo 1c'lisv-op, 18n2-55, | 1899 | 1990 ligga 76'l1src-ai 1ssa-0p, | 160 | 1990
Bush, | Busb. | Bush. |Bush.| Bush. 1bs. 1bs, i 1bs, « Ibs. | Ibs. | Cwts. | Cwts. | Cwts. | Cwts.| Cwis,
oftifl .. k.. . | 34} (283 :. " . | 61} 60 . . .| 43 813 5 {1
2| 353 | 85¢ 353 424 (381 60 | 61% 603| 613 ]dlg 335 | 843 333| 524 (838 {3
3 147 | 11§ |4a(12 L 573 | 593 |14 f588 123 | 8% [0 f10H] o 3
g [ 15| 12 ¢ ){13 }12 122 | 58| soi [(")as] }613 ‘eoi 13| 8¢ ){m %0 } 4
5 164 | 132 15[ 127 112§ 587 | 59 593 621 0§ 141 | 104 121112 [10§ 5
6 251 | 222 24 | 183 [19 59 | 603 60 | 613 (61 234 | 198 21§ 19} |16% 6
7 341 | 313 33 | 311 [293 593 | 61 60}| 613 80§ 342 | 313 333 403 23% 7
8 374 35§ 564 89% |44 59 60% 59§ 61 |80} 41% 404 40%| 597 |39§] 8
a| 37 | 324 Ly f34d by 58% | 598 | 1oy (398 ey | 421 | 343 [ (384 i o
g{b oy | 183 ((Diaogf®F BT | sep | seg (sog)ro2k |90 981 | 173 (5){22 }311‘ 2ug |9 {f,
Sa | 215 | 174 Lyasf 1980, 57 | 58F | fo78 . 203 | 143 |/ 174 oen |1x e
00 | 5% | 1e5 Cf232% 198 | rg | seh COUTdtE P88 | s} | 1o COLeg 2 18t |10 4
11 273 | 21 24} 21} 1183 57% | 58 l 574 60§ 06§ 25% | 20% 234 20§ (14§ 1
12 33§ | 27 30 | 28F |24% 59 59 hogl 613 (583 312 | 25§ 28%| 20% (183 12
13 33% | 20% 313 26% 128 598 | 60 603 602 60% 33 | 29% 31%| 55§ (22§ 13
14 83§ | 278 50§ 28% (23 591 | 593 a94| 61 |7 32 | 26% 29} 80% |18 14
15 32% | 283 30%| 263 |20; 59% | 60 60| 613 (60 824 | 273 30 | 324 (17% 15
16 29 27% 28 | 373 134§ 59 59% 59%| 611 |60% 32 28 30 | 44§ (34§ 16
. fhe i i
17 16 | 13§ ‘ ("*315}| 132 [208("*) 58F | 59§ | (*D59% 613 |GOF("H| 153 | 10% | (913 | 128 I'Z.‘ig(“) 17
18 30% [ 207 | (M)504| 26¢ [115(*°)| 59 | 60% | ()60)| 613 6OFC*)| 30§ | 283 | (*1)29F| 34% | 0E(M)| 18
19 304 ‘ 263 | 28} 283 (283 583 | 59% 59%| 61% 160§ 28 | 24} | 26%' 333 218 19
: 2004%) 13 | 13 | (*°)133| 12} | 0% (073 | 598 | (*1)88E 62 |62 132 | 10 | (11§ 112 | 7% 20 (1%)
21 ‘ 213 | 165 | (*W19:| .. oy 583 583 | (*') 88} .. it 19§ | 13% | (*)16§ .. % 21
22 21 | 17§ | C9tof] .. 5 58% ‘ 587 | () a8y .. 7 194 | 143 i )14 5. 3 22
— | | i
(19) From 1349 to 1883 one h"a]f of this land was unmanured, and the other half received Snlphates of Potash. Soda, and Magnesia ; in 1884
| the one half was wheat, and the other half fallow. :
{ 11y The Manures of Plots 1% and 18 are, year by vear, trausposed, (12) Made with Murlatic instead of Sulphuric Acid.
| ("; After the Crop of 1803 had beon removed, this plot was joined to Plot 19, and a new Plot 20 was made from Innd adjoining, which had been
I vumanured for many years; growing wheat up to 1833 Inclusive; and sgaln in 1887 and 18915 Potatoes, 1889 3 and left fallow 1484, 5, '6, '8,
'90, "92 and 98, (") Averanges of 24, 23, and 47 years, 185298, (18) Averages of 21, 21, and 42 years, 1952-93.
18y Averages of Mineral Manures, alternated with Ammoninm-galts.  (17) Averages of Ammonium-salts, alternated with Mineral Manures,
(1) Plot 17 had the Ammoninme-salts for the Crop of 1000, ('9) Plot 18 had the Mineral Manures for the Crop of 1900.
(%) Avernges of 24, 24, and 47 years only ; as, in 1868, owlug to a mistake in carting, the produce could not be ascertained.
Thie lots marked " (e and B)" were, up to 1893 Inclusive, duplicate -portions, “a” and '*b,” respectively, and were manured alike;
| excepting that, for the crops of 1864-6-6 and 7, the “a’ portions of Plots 5, 6, 7, 8, 9, 16, and 17 (or 18), received a mixture of soluble
Silleates in addition to the other Manuves, but, hitherto, without any material effect; and for the crops of 1868 to 1879 inclusive, ¢ut striw {that
produced in the previous sem;ou% was applied (instend of Silicates) on the “a*' 1]mrliome of Plots &, 6, 7, 8, 11, 12, 13, 14, and 17 (or 18); also for
the crop of 1874, and each succeeding crop to 1879 lnelusive, the straw of the previous season was cut up and applied to the “ o " portlon uf Plot 15.
Tor the erop of 1880 and sinee, the return of the straw has been discontinued, (2Y) Averages of 16, 16, and 32 yeurs, 1862-83,
https://doi.org/10.23637/ERADOC-1-229 pp 33
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Magnesia, and 8% owts. Superphosphate

143 (9

—
(34 )
GEESCROFT
‘ fxpErivENTS o8 THE GRowTH oF QATS YEAR AFTER YEAR ON THE SAME
|
1 Previous Cropping—1847 and 1848, Clover, Experimental Manures; 1849—1859, Beans,
‘ Experimental Manures; 1860, Fallow; 1861 and 1862, Wheat, Unmanured ; 1863, Fallow,
| 1864, Beans, Dunged; 1865, Whea.t Unma.nured 1866 Beans, Unmanured ; 1867 and 1868,
Whea.t, Unmanured.
| (Area under experiment,
PRODUCE PER ACRE.
‘ |
‘ | 1st Smason, 1869, 28D SEAsON, 1870, i
| PLots,  MANURES, PER ACRE, PER ANNUM. | ; = |
| Dressed Grain, Dressed (xl am \
o [ e Total Total I
| Weight Welght " I
| ‘Quantity. per | U8V | Ouantity, per | SRV
| Bushel. I Bushel.
' Bushels, bs. | cwisy, | Bushels. 1bs. cwts.
| 1 | Unmanured .. .. & .0 o e oo o 363 368 19} 163 35 9%
200 1bs. Sulphnte Potash, 100 1hs. Sulphate Soda,l
2 |{ 100 Ibs. Sulphate Magnesia, and 3% ewts. 45 38% | 243 19} 35} 95
Superphosphate of Lime ® .. ., f |
3 | 400 Ibs. Ammonium-salts @ 56§ 37% | 386] 30 347 17}
|
400 Ibs. Ammonium-salts, 200 Ihs, Sulphate Pot- ‘
4 ash, 100 Ibs, Sulphate Soda, 100 1bs, Sulpbate 75% 397 54 503 36 283
Msurneua, and 84 ewts. Superphosphate | )
|
5 550 lbs. Nitrate of Soda ® .. .. .. .. .. 62% 381 | 423 36% 35% 23
550 1bs, Nitrate of Soda, 2001bs. Sulphate Potash, ‘
6 |{ 100 lbs. Sulphate Sndu, 100 1lbs, Su]phate 69§ 38% 497 50 35% 28%
DMagnesia, and 3% ewts. Superphosphate .
|
SeconD 5 YEARS ; MINERAL MANURES AS BEFORE,
- o
6TE SEASON, 1874, TTH SEASON, 1875.
| Bushels., | 1bs. cwis. Bushels, = .1bs. cwts, J
1 Unmanured .. .. . .. .« . . .. 12 123 294 5%
200 1bs, Sulphate Potash, 100 1hs. Sulphate Soda,
2 100 1bs. Sulphate Mngm’sm, and 3% c“ts} 13; 313 6% 13} ‘292- 6
Superphosphate of Lime (V) .. .. .. 1 ; |
3 | 200 1bs, Ammonium-salts ) .. .. .. .. 87F |83 |29 soy 8% |15 |
200 Ibs, Ammonium-salts, 200 1bs. Sulphate Pot-
4 " ash, 100 1bs. Sulphate Soda, 100 1bs, Sulphate}| 46§ 343 243 303 347 20%
Magnesia, and 35 cwts. Superphosphate ’
\
5 | 275 lbs. Nitrate of Soda (%) . o8B 30 ()] 163()  283() 31O 1)
!(275 1bs, Nitrate of Scda, 200 1bs. Sulphate Potash, ; |
¢ |t 100 Ihs. Sulphate Soda, 100 1 Su]phat | 284 (%) 38k(H 163 (Y 285 () 333 (Y
M

(%) “ Superphosphate of Lime”—in all cases; made from 200 Ibs. Bone-ash, 150 Ibs. Sulphuric Acid sp. gr. 17 (and water).
(%) ¢ Ammonium-salts "—in each case, equal parts Sulphate and Muriate of Ammonia of Commerce,
(%) 550 lbs. Nitrate of Soda is reckoned to contain the same amount of Nitrogen as 400 Ibs, * Ammonium-salts,”

(%) On these plots, where large quantities of Nitrate of Sods had been applied year after year, the land, though more

worked, was so wet that it could not be got into favourable condition for sowing, and the plant was very irregular.
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( 35 )
FIELD.
LaNp; wrirHOUT MANURE, AND WITH DIFFERENT DESORIPTIONS oF MANURE.

"Che first Experimental Oat Crop was in 1869 ; the last in 187 8, since which, owing to the
wetness and the foulness of the land for several years, it was left fallow; and the experiment
was then discontinued. Description of Oats—Black Tartarian every year excepting 1874,
when White Tartarian were sown,
£ acre.)

PRODUCE PER AcCRE.
L | | o o TS =
3RD SpAsoN, 1871. 4tH SEASON, 1872, 8 ! AVERAGE PER ANNUM
* ’ | etz Ll 5 Yrars, 1869-1878.
Dressed Grain, i l Dressed Grain, Dressed Grajn. | Dressed Grain, |
| weiops | Total one | Total || . Total Vel Total
Weight ’ | Weight ’ f Weight Weight
Quantity, per Straw, Quantity, per | Straw, | Quantity, per Straw, Quantity.| per Straw,
‘ | Bushel, Bushel, | Bushel, | Bushel,
| | [
Bushels, 1bs. ] cwts, ‘J Bushels. 1bs. cwts, || Bushels, 1bs. cwis, Bushels, ‘ 1bs. cwts,
203 333 | 11} 15 363 7ol 108 275 53 197 ‘ 83¢ | 10
22 352 ‘ 133 | 19% 373 108 || 17 288 83 241 “ 35 | 13
| ' i
571 | 363 " 403 | 552 | 873 | 303 363 | 825 | 163 ‘ a7 | 85 ‘f 284
|
583 353 50 1 62} 393 451 | 481 | 348 273 || 59 i 37 | 41}
‘ | i
55 363 344 424 365 | 203 394 303 16} 473 | 351 273
|
603 ’ 333 ‘ 483 443 373 24 |‘ 635 ‘ 333 24 57% 35% 35
| | | |
AmmoNTUM-8ALTS AND NITRATE OF SODA ONLY HALF AS MUOH AS PREVIOUSLY.
: = .
sy i 9rH Srason, 1877 (%). | AVERAGE PER ANNUM
8rH SBEASON, 1876 (°). || FALLOW. . 10TH SEAsoN, 1878, 4 Yrars, 1874, %5, ’6, and °8.
| Bushels, 1bs. cwlis, Bushels, 1bs. ewts, | Bushels, ( Ibs, | cwts. Bushols, 1bs. | cwts,
I TR ) 2% P - o | 22} | 82 8 | 138 313 6
: | .
|7z 30 2 5 e | | 172 | 353 | 8 || 13 | 31 6}
: l ‘ |
|17 | 84 6 ; o W | os0 | 32§ | 12 283 | 88F | 144
| | | | |
i |
| | !
‘ 29} ( 353 | 123 || .. ” o | 4By | 87 | 223 38 85F | 20
' I | .
| | _
l 125 | 305 | 3 X o s# 84} | 125 | 26 By 1y
‘ ‘ ‘
| ‘
J 193 33% 8 I w | | w 37 36} 17% 28% 341 14
\ [ | |
I
(*) Owing to the extremely wet condition of the land, especially on the Nitrate plots, it was not sown until April 6,
and then with a very unfavourable seed bed; and, there being a heavy fall of snow a week later, the plant came up
very irregularly, and much of it perished from standing surface-water,
(°) Owiug to the very wet winter, 1876-7, the land could not be worked in time for sowing, and was therefore left
fallow in 1877; no manures being applied.
The experiments were discontinued after 1878,
D2
pp 37
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( 36 )
Praxy or THE Prors v HOOS FIELD,
ON WHICH EXPERIMENTS HAVE BEEN MADE
oN LEGUMINOUS PLANTS.

. 53 years, commencing 1849.
[For a brief summary of results and eonclusions, see opposite page.]

Series JIL Series II Series I

Vetch
Red Clover
White Clover
g 3 Sainfoin
Bokhara Clover
Beans (or Peas)

dacerne
Small Beds
/ I see pp. 40-42.
Series TIC Series I SeriesT

T'otal aren under experiment about 3 acres, divided into 3 Series,

. ) Each Series about 1 acre, divided into 6 differently manured plots.

Series I, Minernl Manures only ; |  Series II. The Mineral Manures, and Nitrate of Soda ;

" $efles IIL The Mineral Manures, and Ammonium-salts or Rape-cake, ete.

There are now .7 dl_ﬁerent Leguminous plants growing on each plot, namely—Lucerne, Beans (or Peas),
Bokham Clovcg-, Sainfoin, White Clover, Red Clover, and Veteh ; as indicated on Plot 2. Series I.

In the spriug of 1898, owing to the growing foulness of the plots in recent years, Plot 1 of Series I. (Small
Beds), and all the P.Io{s (1-6) of Series I and Series 111., were ploughed up for thorough cleaning ; and on Nov. 2
tho land wasg sown with wheat without manure, as a gauge of the effects on the condition of the land, of the growth
91 the various Leguminous crops, In October 1899, wheat was sown for the second time without manure; and
in ()etobcr 1909, for the third time. (For the resulls, see pp. 50-52.) For the present, the experiments with
various Leguminous crops are, therefore, confined to Plots 2, 3, 4, 5, and 6, of Series L.

(For details of the experiments with Leguminous crops, ete., in Hoos Field, see pp. 39-42, and 44-52.]
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RESULTS OF EXPERIMENTS MADE IN HOOS FIELD ON THE GROWTH OF

VARIOUS LEGUMINOUS CROPS,

year after year on the same land, with mineral, and with mineral and nitrogenous manures,
commencing in 1848-9. Clover seed was sown 12 times in 29 years, and the plant failed
8 times out of the last 10 trials. The results showed that when Red Clover was thus sown
frequently on the same land, there was almost uniform failure, In fact, aftor the first fow
years practieally no crop was obtained. Tn 1878, after the cessation of the trinls with Red Clover,
various other Leguminous plants, of different habits of growth, and especially of different
character and range of roots, were sown on the, so to speak, Clover-exhausted land. The result
was that whilst Red Clover, which was included in the list of the new experiments, still failed,
giving an average of only 22 Ibs, of nitrogen peracre per annum in 5 years of crop over T years,
the more weakly-rooted and more weakly-growing White Clover, which had not been grown on
the land for many years, gave an average of 47 Ibs. in 6 years of erop over 9 years; the more
freely-growing, and decper-rooting Vetch an average of 75 1bs. over 14 years; Bokhara Clover,
64 1bs. per annum in 11 years of crop over 12 years; and the very deeply, and very powerfully-
rooting Lucerne an average of 160 lbs. of nitrogen over 12 years. Here, then, when various
other Leguminous plants followed on the Red Clover-exhausted land, some of them grew
luxuriantly, and yielded much larger, and in some cases very large, amounts of nitrogen.
TFurther, the surface-soils gained rather than lost nitrogen,

Experiments have also been made with Leguminous crops in Geeseroft Field. Thus,
Beans were grown year after year on the same land, without manure, with mineral manures, and
with mineral and nitrogenous manures—commencing 1847. The results showed considerable
increase in the produce, and coincidently in the yield of nitrogen, by the use of mineral manures
containing potash, and but little further increase by the addition of nitrogenous manures;
notwithstanding that Beans, like other Leguminous erops, contain a much higher percentage of
nitrogen, and yield much more nitrogen per acre, than grain crops. I'urther, on the growth of
Beans thus year after yoar on the same land, the amount of produce, and the yield of nitrogen,
declined considerably, both being much less under all conditions of manuring in the later
than in the earlier years. The results further showed, however, that, as in the case of the
growth of various other Leguminous crops on the Clover-exhausted land (in Hoos Field), so now
after the failure of the Beans and decline in the yield of nitrogen in them, on sowing Red
Clover with its very different character and range of roots, on the Bean-exhausted land, very
large crops of Clover, containing very large amounts of nitrogen, were obtained, Not ouly
was so much nitrogen removed in the Clover crops, but the surface-soil became determinably
richer in nitrogen, due to accumulation of nitrogenous crop-residue.

In view of the failure to grow Red Clover continuously on ordinary arable land, it is a fact
of much interest that it has been grown for more than forty years in succession on rich garden-soil.
There was, however, a much reduced persistence of the plant, a considerably reduced mmount
of produce, and of nitrogen in it, and with this a cousiderable reduction of the stock of nitrogen
in the soil, in the later than in the earlier years. Nevertheless, the amount of produce over the
40 years, 18541893, corresponded to an average yield of nearly 8 tous of Clover bay, containing
about 160 1bs. of nitrogen, per acre per annum ; quantities which exceed the average produce of
the erop grown once in 8 or more years, in rotation on ordinary arable land. :

The results, as & whole, indicate & soil source of failure on the arable land, and a soil
source of success on the rich garden-soil.

Lastly, experiments at Rothamsted have confirmed those of others in showing that, by
adding to a sterilised sandy soil growing Leguminous plants a small quantity of the watery
extract of a soil containing the appropriate organisms, a marked development of the so-called
leguminous nodules on the roots is induced ; and that there is, coincidently, increased growth,
and gain of nitrogen.

1t is concluded that in the growth of Leguminous crops, such as Clover, Vetches, Peas,
Beans, Sainfoin, Lucerne, &c., at any rate some, and sometimes much, of the large amount of
nitrogen which they contain, and of the large amount which they frequently leave as nitrogenous
residue in the goil for future crops, is due to atmospherie nitrogen brought into combination
by the agency of lower organisms. Buf it is still a question—how far the failure of Clover,
or of other Jieguminous crops, may be due to the exhaustion of available combined nitrogen,
or of mineral constituents, within the range of the roots, and how far to the exhaustion of the
organisms necessary for the bringing about of the fixation of free nitrogen.

For further particulars, see pages 7 and 38-53; also Section IIL in Nos. 92 and 93, in
Series 1. of the list of papers at page 14,

Lg
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EXPERIMENTS ON THE GROWTH OF LEGUMINOUS CROPS.

1.—BgrAns, Puas, AND TARES—GEESOROFT FigLp,

Expuroents on the growth of Leguminous corn-crops (beaus, peas, and tares), with different
descriptions of manure, were commenced in 1847, about nine acres being devoted to the
purpose.

Experiments with Brans were continued without a breals, for thirteen consecutive seagons, to
1859 inclusive; but, during the later years, the crop fell off very much, and the land became
very foul.

Tn 1860 the land was fallowed.

Tn 1861 a crop of wheat, without manure, was taken.

In 1862 beans were again sown, but with some variation in the manuring.

In 1863 the land was fallowed.

In 1864, 5, 6, 7, 8, and 9, beans were grown, with much the same manures on the same
plots, each year, as in 1862.

Tn the winter of 1869-70, 5000 lbs, of fresh burnt lime were applied per acre, over all |
the plots.

1In 1870 beans were grown with the same manures on the respective plots as in 1864-69.

In October 1870 winter beans were sown (without manure), but the plants were to so ,
groat an extent destroyed by the severo wenther which followed, that, in April 1871, the crop ‘
was ploughed up, and the land left fallow.

During the winter and early spring of 1871-9, the land was so wet that it could not be
prepared in time for sowing. It was therefore loft fallow for 1872; at the end of May if
was subsoiled to a depth of about 12 inches, and re-plonghed in July.

The winter and early spring of 1872-3 were also o extremely wet, that it was again
impossible to prepare the land in time for sowing; it was, howeyer, ploughed up towards the
end of March, again left fallow, and re-ploughed in July and October (1873).

On February 2, 1874, the land was again seb with Beans, but without manure.

In 1875 Beans were re-sown, with the same manures on the regpective plots as in
1864-1870; but owing to the wetness of the land in the firet instance, and the subsequent
hindrance by other spring sowing, they were not put in until April 1 and 2.

The wetness of the winter 1875-6, again prevented the preparation of the land in due
time; and, though the manures were sown, and the land ploughed, it was left fallow during
the summer of 1876.

Barly in October 1876, winter Beans were put in (drilled), without further manuring.

In 1878 the usual manures were sown, and beans were drilled on February 26.

8Owiug to tho wetness of the winter, and the foul condition of the land, it was left fallow
in 1879.

v Owing to the continued wetness in the autumn, the severe winter, and foulness of the
“ land, it could not be got into order for sowing, and remained fallow in 1880.

During 1880 the land was ploughed, scarified, and pertially cleaned, but owing to the
| wetness of the antumn, and the wetness and severity of the winter, it was again impossible to ' I
work it in time for sowing. ‘
| In the months of May and June 1881, the land was ploughed, seufled, and harrowed, and |
| again on July 9-12; since this time, however, the experiments with beans have been finally
| abandoned.

On February 1-4, 1882, the Jand was ploughed and cleaned, and on September 6-7 was
harrowed, rolled, and sown with grass-seeds. These germinated satisfactorily, but owing
| probably to the extreme wetness of the succceding winter months, the plant almost entirely
' died off.
| In April 1888, samples of soil were taken from many of the plots, generally to a depth
of 27 inches, but in selected cnses to a depth of 72 inches from the surface, and at that time
very fow grass plants couid be seen. After the soil sampling, the whole field was scuffle-
‘ harrowed, and sown with Barley and Clover. In order fo test the condition of the soil of the
‘ different .plots of the confinuous Bean and the alternate Wheat and Bean land, they were left
unmanured ; the remaining portion of the field, not recently under exact experiment, receiving {
9 ewts. Nitrate Soda, and 2 ewts. Superphosphate per acre. |

L
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EXPERIMENTS ON THE GROoWTH oF LEecuMiNous CrRopsS—continued.

Notwithstanding the repeated failure of the Beans, though on the other hand the land
had practically been fallow since 1878, the Clover came up very well, grew very rapidly, and
on many of the plots to a great extent smothered the Barley; so that at harvest (1883) there
was a very unusual proportion of Clover in the crop. The Clover plant remained strong
through the mild winter, and gave heavy erops in June, and in August 1884 ; the two crops
in many cases approaching, and in some exceeding, 4 tons of hay per acre. In 1885, a good
plant remained on most of the plots, yielding a cutting on June 23, which in several cases
approached, and in one exceeded, 2 tons of hay per acre. In fact, from several of the plots of
this bean-exhausted land, the nitrogen in the surface soil of which had been much reduced, and
was very low, more than 6 tons of clover-hay per acre, containing more than 800 lbs. of nitrogen,
have been taken, It may be added, that the total yield has been greater on some of the
previously continuous bean-plots than on those which had grown beans and wheat alternately.
gSae below.) After the cutting in 1885, the greater part of the land was thrown into the park
or permanent grass; only the proviously continuous bean-plots being still reserved for future
experiment,

The general result of the experiments with Brans has been that mineral constituents
used 0s manure (more particularly potash), increased the produce very much during the
early years; and, to a cortain extent, afterwards, whenever the season was favourable for the
crop. Ammonium-salts, on the other hand, produced very little effect; notwithstanding that a
Leguminous crop contains two, three, or more times as much nitrogen as a Cereal one grown
under similar conditions as to soil, &e. Nitrate of soda has, however, produced more marked
effects, But when the same description of Leguminous erop is grown too frequently on the
snme land it seems to be peculiarly subject to disease, which no conditions of manuring that we
have hitherto fried seem to obviate.

Experiments with Pras were soon abandoned, owing to the difficulty of keeping the land
free from weeds, and an alternation of Brans and WuEaT was substituted; the Beans being
manured much as in the experiments with the same crop grown continuously as above
described. But the wetness of the winter of 1871-72 prevented the sowing of the Beans
for the season of 1872; and again the wetness of the autumm and winter of 1872-8 prevented
the sowing of the wheat until April 4, 18783, when Nursery wheat was put in, which, however,
did not come to maturity, but was cut in the middle of September, yielding about 27 ewts.
of gross produce per acre, containing too little corn to be worth thrashing. The land was
ploughed in October 1873, and sown with beans February 8, 1874. On October 23, 1874,
wheat was sown without manure. Beans should have been sown in 1876 ; indeed, the manures
were sown, but, for the reason stated above, the land wns left fallow; and wheat was put in
October 24 (187G). In 1878 Beans were drilled, on February 26, with the usual manures.
Owing to the wetness of the wintér, and the condition of the land, it was left fallow in 1879 ;
and it continued so up to September, 1882 when it was sown with grass-seeds; since which
time it has been treated exactly as the continuons Bean Land. (See the bottom of the
preceding page, and the top of this.)

In alternating Waear with Braxs, the remarkable result was obtained, that nearly as much
wheat, and nearly as much nitrogen, were yielded in eight crops of wheat in alternation with
the highly nitrogenous beans, as in sixteen crops of wheat grown consecutively without

. manure in anotlier field, and also nearly as much as were obtained in a third field in eight
crops alternated with bare fallow.

Experiments with Tares, like those with Peas, were soon abandoned, and for the same
reasons. Beans were at first substituted, with some variation in the description of the manuyes
employed ; but this experiment also had to be abandoned.

II.—Rmp Crover (Trifolium pratense).
1. Ewperiments on ordinary arable land.—Hoos Firrp.

Experirnts on the growth of Clover, on ordinary arable land, with many different descriptions
of manure, were commenced in 1848-9, and, with the occasional interposition of a corn-crop, or
fallow, were confinued up o 1877, inclusive.

As with other Leguminous crops, the result was, that mineral constituents applied as
manure (particularly potash) considerably increased the crops in the early years. Ammonium-
salts had little or no beneficial effect, and were sometimes injurious. It may be added, that the
beneficial effects of long previous applications of potash have been apparent whenever there was

' any growth at all. To go a little more into detail :—
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EXPERIMENTS ON THE GROWTH oF LEGUMINOUS CROPS—continued.

In the first year, 1849, the crops were throughout very heavy; especially with mineral, and
without nitrogenous manure.

In autumn 1849, wheat was sown, and in spring 1850, Red Clover. In 1851 small cuttings
were taken; and in 1852, though the crops were not heavy, there was by no means a failure.

Since that time, however, all attempts to grow clover year after year on this ordinary
arable land have failed to give anything like a full crop, or even a plant which would stand
the usnal time on the ground.

Small cuttings were obtained in the autumns of 1855 and 1859, from seed sown in the
spring of those years; and small but rather heavier cuttings in June and August 1865, from
seed sown in 1864.

In April 1868, a portion only of the land was sown with Clover, and the plant for the
most part died off in the winter.

In April 1869, the same portion was re-sown, and gave a small cutting in September of that
year; but the plant again died off in the winter.

In April 1870, Clover was sown over the whole of the experimental land, this time in
conjunction with Barley; but on those portions which had also been sown in 1868 and 1869
the plant again died off during the winter and early spring ; whilst from those which had not
been sown in 1868 and 1869 two small cuttings were taken in 1871,

In the spring of 1872, the plant being then almost entirely gone, the land was ploughed
up. It was again ploughed in July 1872, and in March 1873 ; the intention being to sow
some other Leguminous crop; but owing to the wetness and lateness of the season this was
not done, the land was again left fallow, and re-ploughed in the beginning of June and the end
of July (1873).

On May 4, 1874, the land was again ploughed, and sown with Red Clover seed, May 5,
without manure. The plant came up well, and was very forward in September, when the
flowering stems were cut down, but left on the land. During the winter and early spring
the plant on those portions from which cuttings had been taken in 1871 almost entirely
fuiled, and the land was ploughed up in May, and again in Angust (1875); whilst on those
from which none had been faken since 1869 o fair plant remained, and two small cutbings
were obtained, namely on June 23, and on August 9 and 12 (1875). On September 22, this
portion of the land was ploughed up.

In May (1876), the whole was re-ploughed, and again in July and September, and leff fallow,

In May 1877, Barley and Clover were sown over the whole of the experimental land,
without further manuring, but the clover plant completely died off during the winter.

On two occasions (1851 and 1854), heavy dressings of Farmyard dung were applied to
some of the plots; and in 1854 some received a dressing of 20 tons of dung, and 5000 lbs. of
lime, per acre.

On some portions of the land Clover was sown 12 times during the 30 years, 1848-1877,
and more frequently alone than with a corn-crop. In 8 out of the last 10 tiials the plant died
off in the winter and spring succeeding the sowing of the seed ; in 4 of these without giving any
crop at all, and in the other 4, only very small cuttings.

In reference to these field experiments on clover, it may be added that, in 1864, a portion
of the land ‘was trenched 2 feet deep, and one-third of the manure was mixed with the layer
of soil from 24 to 16 inches, one-third from 16 to 8 inches, and the remainder from 8 inches

upwards. Owing to the characters of the season, the mechanical condition of the land was at |

first very unfavowrable after this treatment; but, although many years have now elapsed, and
the excess of constituents supplied was in some cases considerable, the plant has died off as
completely on these plots as elsewhere.

In 1878, the land was devoted to experiments with various Leguminous plants, differently
manured. Ior further particulars see pp. 46-7, and letterpress at pp. 44-5 and 48-52,

In the winter of 1867-8, a number of small beds, each 8 yards x 2, were arvanged on the
previously unmanured plot of the experimental land, These were dug, some to the depth of
9 inehes, some to the depth of 18, some fo the depth of 27, and some to the depth of 36 inches,
and sown to the respective depths with different mixtures; supplying in some cases very largo
amounts of potash, sodn, lime, magnesia, phogphoric acid, sulphurie acid, nitrate of soda, &e.

Trom three similar sized beds, the soil was removed to the depths of 9, 18, and 27 inches
vespectively, and replaced by soil taken at the same depths from o garden border, on an adjoining
portion of which Clover had been grown successfully since 1854 (see pp. 42-4),

In April 1868, clover was sown on the whole of these small beds (as well as on some
other portions of the experimental land); but the plant for the most part died off during the
following winter,

———

—
=

|
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EXPERIMENTS ON THE GROWTH oF LEGUMINOUS CROTS —continued.

In April 1869, the small beds (and the other portions as in 1868) were re-sown, small
quantities of clover were cut in September of that year, but the plant again died off in the |
winter.

In April 1870, Clover was again sown on the small beds in conjunction with barley (as |
on all the rest of the experimental land), but the plant again died in the winter.

In the spring of 1871, the small beds were again re-sown, and the three with garden-soil
were entirely enclosed, both around and above, by galvanised wire netting. Small cuttings
were taken from these small beds in July 1872; and (excepting from the beds of garden-soil,
which had yielded considerably more than the others in 1872), larger cuttings were taken in
July 1878." The produce was the largest where potash and nitrate of soda were employed,
and where they wore applied in the largest quantify, and to the greatest depths.

In April 1874, there was still some healthy plant on all the beds, but it was considered
to be too irvegular to preserve. It was, therefore, dug in. The artificially-manured beds
were re-manured as before, but only to the depth of 9 inches, and seed was sown on
May 4th, July 6th, aud October 22nd 5 each time the plant coming up well, but subsequently
dying off. On the threo beds of garden-soil, the plant from the first sowing (May 4), for the
most part stood 3 requiring only to be made good here and there on July 6; and in September
small cuttings were taken.

More small beds were arranged in the spring of 1874; on these the manures were dug
in, at the various depths, on May 11th to 14th, and the seed sown on May 16th. At this
time, the wire netting was removed from above the three beds of garden-goil, but the whole
sories of small beds was now surrounded with netting, to keep out ground game. One series
of the new plots received sulphate of potash only, another nitrate of soda only, and a third
the two together. The plants came up fairly well, but there were some blanks in the rows,
which were re-sown on October 22 (1874). A cutting was talken on June 22 and 23 (1875)
from these new beds; the blanks in the rows were re-sown on July 24; a second cutting was
taken on August 17; and the blanks were again re-sown on September 22 (1875). The plant

! was the most even on the beds with sulphate of potash, less so on those with nitrate of soda,
’ and less still on those with both together. The amount of produce was also greater with each
of the manures used separately, than with the mixture of the two.

In May 1875, the plant was entirely gone on the old artificially-manured beds, which were
then dug up, and prepared for re-sowing, On the three beds of garden-soil, though the rows
were imperfect, some healthy plants still remained, and gave & small cutting on June 22,

, On July 24 these beds were dug up; and they, as well as the artificially manured ones just
‘ referred to, wore re-sown with seed, All came up well, but in May (1876), the plants on the
beds of garden-goil were entirely gone, and those on the artificially manured ones noearly so, but
they yielded small cuttings on July 17 (1876).

The plants on the new artificially manured beds, like those on the older ones, showed
‘ failure in the spring of 1876 ; but also, like them, gave small cuttings in July. All the
| small beds were dug up in August (1876); the artificially manured ones re-manured as in
| 1874, the manures dug in to o depth of 9 inches, and seed was sown on September 1, which
’ eame up, but the plants died off on all the plots in the winter of 1876-7.

Tn May 1877, all the small beds were dug up, and sown with Barley and Clover. To try
the effocts of shelter, the Barley stubble was left unusually high, but the young clover plants
completely died off during the winter (1877-8).

In the spring of 1878, the beds were dug up, and cleaned ; and they were re-sown with
Clover, without further manuring, on June 12 and 18. All came up well, but the plant was
almost entirely destroyed by © Fly.”

In May 1879, there remained about a quarter of a plant on the plot with the largest
amount of mineral manure, including potash, and sown to the greatest depth, and perhaps a
third of a plaut where the same mineral manures, with nitrate of soda in addition, had been
applied ; but there was scarcely o single plant on any of the other plots. On June 9 and 10,
1879, all the beds were cleaned, and re-sown with seed, which came up well; but a very wet
and cold season following, most of the plants died off during the summer and autumn,

Barly in June 1880, all the small beds were cleaned, and forked up; and on June 10,
they wero re-sown with seed without further manure. All enme up well, but the plants were
for the most part destroyed by the severe winter which followed. In May 1881, there was
perhaps half & plant on two or three only out of the forty small beds; namely, where the
mixed mineral manure, including potash, was used without nitrogenous manure; and the
groatest vigour was whero the manure was applied in the largest quantity, and to the greatest
depths. On no other beds, not even on the three made up of garden-soil, was there nearly as
much plant; and on May 12 (1881), all the small beds were cleaned, the clover plants forked
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EXPERIMENTS ON THE GROWTH oF LEGUMINOUS CROPS—condinued,

in, manures also forked in, as in 1876, to a depth of 8 or 9 inches, and clover seed sown,
which came up well, but in most cases became very thin during the winter and spring of

1881-82. A small cutting was, however, taken on June 20, and another on August 18,
1882,

In May 1883, the beds were dug up, and sown with Lucerne without further maenuring,
but it gave no crop in that year, On April 8, 1884, the usual Nitrate Plots received Nitrate
of SBoda at the rate of 1000 lbs, per acre as o top-dressing. Trom all the plots, three cuttings
were taken, viz, on June 27, August 16, and October 7. On March 9, 1885, the Nitrate plots
received Nitrate of Soda at the rate of 500 1bs. per acre as a top-dressing; and three cuttings
were taken, viz. on June 8, July 22, and October 10. In 1886 three cuttings were taken from
all the plots, viz. on June 28, August 11, and December 3; and after the first eutting the usual
Nitrate Plots received, on July 13, Nitrate Soda at the rate of 1000 lbs. per acre as a top-
dréssing. In 1887, three cuttings were taken, viz. on July 2, Ang. 15, and Oct. 12; and in
1888 two cuttings, viz. on July 6 and Sept. 26. In 1889 the usual Nitrate Plots received a
solution of Nitrate of Lime, at the rate of 1490 lbs. per acre (= 86 1bs. of Nitrogen per
acre); and two cuttings were taken from all the plots, one on July 5, and the other on
August 81. TIn 1890, the plants on the garden-soil plots had almost entirely died off, and
these beds were therefore dug up and re-sown with Lucerne on May 2; two cuttings were taken
from each of the other plots, on July 5 and Sept. 2; and one cutting from the garden-soil plots
on Sept. 2. In 1891, two cuttings were taken, viz. on July 8 and Sept. 15; in 1892, two euttings,
on June 27 and Aug. 30. In 1893, three cuttings, viz. on June 23, Aug. 8, and Oct. 5; in
1894, two cuttings, on July 9 and Oct. 28; in 1895, two cuttings, on May 30 and Aug. 2;
in 1896, three cuttings, viz. on May 26, July 11, and Sept. 29 ; and in 1897, one cutting on
June 8. After the cutting in June, there was a thin plant on most of the beds, In recent years
they have required a great deal of hand-hoeing to keep down the weeds. The growth has
usually been the more luxuriant where either Potash or Nitrate of Soda has been applied, but
especially where the two were used together.

It will be observed that, although in the earlier years, the three small beds in the field
which had been artificially made up of surface-soil and subsoil brought from a highly manured
kitchen garden, maintained a plant of clover, and yielded better crops than the artificially
manured beds, yet they finally failed quite as much as the rest.

In 1898, owing to the thinness of the plant, and the grent prevalence ot weeds, the whole
of the snaall beds were ploughed up, and the experiment was abandoned. (See plan and foot-
note, p. 86.)

2. —Faperiments on rich garden-soil.

In view of the failures in the attempt to grow Clover continnously on ordinary arable land
it is a fact of much interest, that in 1854 Red Clover was sown in a garden, scarcely half-a-
mile distant from the experimental field, on soil which had been under ordinary kitchen garden
cultivation for probably two or three centuries, and it has shown very luxuriant growth almost
everyyear since.

From the produce of the seed sown in 1854 (March 29), two cuttings were taken in 1854,
three in 1855, two in 1856, three in 1857, two in 1858, and two in 1859.

In 1856, the plot was divided into three equal portions, one being left without manure,
another receiving gypsum, and the third a mixed mineral manure containing potash. In
1857 the surface-soil was sampled to a depth of 9 inches.

Seed was re-sown in 1860 (end of May); and yielded one eutting in Ostober of that
year, two in 1861, two in 1862, two in 1863, and two in 1864.

Beed was agein sown in 1865 (April 22); and this sowing yielded one cutting in Sep-
tember of that year, two in 1866, two in 1867, and one very small cutting in April 1868.

Gypsum and the mixed mineral manure were again applied, and seed was re-sown, April 29,
1868 ; and from this sowing there were obtained two cuttings in 1869, and one in 1870.

The same manures were again applied March 80, and fresh sced was sown April 10, 1871 ;
yielding one cutfing in August of that year, two cuttings in 1872, and two in 1873.

Notwithstanding some injury from Dodder in 1878, there still remained too much plant to
break up in the spring of 1874 ; and accordingly fresh seed was sown befween the rows on
May 4, and this failing, again on July 7, 1874. The manures had been applied between the
rows on April 16. Three very small cuttings were taken in 1874 (in June, July, and Sep-
tember) ; and a small cutting again in June, 1875.

In 1875 (July 13), the old plants were dug in, and seed again sown, and this failing, seed
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EXPERIMENTS ON THE GrowTH oF LEGUMINOUS CROPS— continued.

‘ was re-sown September 22, TIn spring 1876 there was luxuriant growth, but deficient plant,
which yielded two small cuttings, on June 26, and August 7.

J In 1876 (September 1), the beds were dug up, and re-sown with seed, which came up fairly,
but the plant suffered during the winter, and in May 1877 it was dug up and re-sown, From
this sowing a small cutting was taken on September 5, 1877; and three cuttings in 1878 (on
June 10, July 26, and November 1).

In May 1879, there remained some fairly vigorous plants, but not nearly enough for a
crop, 50 the ground was dug up (the soil sampled to « depth of 18 inches), the plants then dug
in, and fresh seed was sown, on May 21, From this sowing a cutting was taken on Sep-
tember 13,

Owing to injury from Dodder in the autumn (1879), and the subsequent severity of the
winter, the plant again died off, aud seed was sown afresh on April 17, 1880, From this
sowing two cuttings were taken in that year (August 5 and September 24).

In April 1881, there being too much plant to break up, but not enough to cover the
ground, the blanks in the rows were re-sown with seed (April 29), and two small ocuttings
were afterwards taken, on June 28 and August 16.

1 On April 6, 1882, there being again many blanks in the rows, these were re-sown with

seed. Three cuttings were afterwards taken—on June 14, August 8, and October 20, of the

game year.

On April 18, 1883, the same manures were sown on the same portions as in 1874, and the
ground was dug, the old plants being dug in. Tresh seed was sown on May 17, which gave
one cutting on August 13, 1883 ; three cuttings in 1884, viz. on June 17, August 11, and October
6; and three cuttings in 1885, viz. on June 2, July 16, and August 31.

Owing probably in great part to the severe winter of 1885-6, the plants nearly all died, and
on April 14, 1886, the few that remained were dug in, and fresh seed sown, without further
manure, from which one cutting was taken on August 11, In 1887, owing to some destruction
of the plant by a mole, a portion of the Unmanured Plot was re-sown with seed on April 21.
Two cuttings were taken, viz. on July 8 and August 29.

The plant died during the winter, fresh seed was sown on April 13, 1888, the rows were
mended on June 12, and & small cutting was taken on September 6. In April 1889, the rows
were again mended, after which two cuttings were taken, viz. on June 21 and October 25.

In April 1890, the plants had almost entirely died off; and the beds were therefore dug
up and re-sown with seed, which gave one crop, on August 12. Later in the autumn, however,
many plants were destroyed by a dog after mice, so that the rows had to be mended with fresh
seed, in May 1891, and cuttings were taken on July 15 and September 25.

During the winter of 1891-2 most of the plants died, the ground was therefore dng up
and re-sown with seed on May 7, 1892, The seed germinated well, but some of the young
plants were destroyed by « Fly,” and the rows were mended on May 27, and one cutting wag
taken on August 26.

During the winter of 1892-3 some of the plants died, and the rows were accordingly
mended on April 20, 1898, and cuttings were obtained on June 24, and on August 22,

In 1894 the rows were again mended on April 19 and gave two cuttings on July 9 and
Septeraber 4. The plants had now become exceedingly thin and the soil covered with seed-
weeds ; the beds were therefore dug up later in the autumn, left fallow during the winter, and
re-sown with seed on April 19, 1895. The seed germinated well, but was afterwards destroyed
by “Fly,” and was again sown on May 20; but owing to drought and heat the seed did not
germinate, and a third sowing was made on July 2; no crop was, however, obtained in1895.

During the winter of 1895, and early spring of 1896, most of the plants died, the plots
were therefore cleaned from weeds, and prepaved for re-sowing, On April 28, 1896, the soil was
sampled at two places on each of the three portions. Kach sample faken was 4% 4% 9 inches
deep ; and a similar sample was taken of the second 9 inches of depth. The top 9 inches of
soil of each of .the three portions was then taken out, a mixed mineral manure was then dug
into the second 9 inches, and a similar quantity of the same mineral manure was mixed with
the surface soil, which was then returned to its position. Seed was sown on July 1, which,
however, gave no crop.

Most of the plants died during the winter of 1896~7. The beds were accordingly dug up
in April 1897, and seed was resown on April 29, and gave two cuttings, viz., Aug. 7, and
Oct. 27.

At the beginning of the winter of 1897, thero was a strong and even plant ; but it gradually
declined, and in January, 1898, failure was very marked. On January 27 the plots were
microbe-seeded, with the watery extract of the rich kitchen garden soil at Rothamsted, This
did not, however, arrest the failure. Many of the plants were covered with a white fungus ;
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FXPERIMENTS ON THE GrowTH OF LEGUMINOUS CROPS—Ccontinued.

the foliago was destroyed, and the crowns blackened and rotted away, very few plants
remaining healthy. Barly in Mareh specimens of the plants were forwarded to Mr. Carruthers,
who decided that they had suffered from the attack of the fungus “Selerotinia Trifoliorum.”
Eventually, all the diseased plants were token up, removed, and burnt, and the ashes returned
to the soil. The surface soil was also, little by little, removed, very carefully examined, the
Sclerotin carofully picked out, and then the soil was returned, About 6 ozs. of the Sclerotin
woro thus picked out from the surface-soil of an avea of not quite 10 square yards. It was
thought desirable, however, to apply a fungicide to the soil before resowing with clover-seed,
and bisulphide of earbon was seleeted for the purpose, us leaving less permanent residue than
others. Accordingly, a small dressing of this was applied on May 7, and it was immediately
vaked in. It was hoped that by the application any remaining Sclerotia would be killed, and
that the Leguminous nodule-microbes might not be injuriously affected. On June 2, that is
nearly 4 wecks after the application of the bisulphide, clover-seed was again sown, and geve two
small euttings, viz., July 19 and Sept. 5.

The plant continued even and strong, and apparently healthy, throughout the autumn and
winter; but in April, 1899, indications of failure were observed., On examination on April 26,
it was found that about one-third of the plants were dying off. These were carefully dug up
and examined, and it was found that most of them had been attacked by the fungus * Selerotinia
Trifoliorum” ; but some by the  Tylenclus Devastatriz,” and some by wireworm. On May 9,
about twelve more plants were found to have failed, and on being dug up Sclerotia were found
on each. By May 18, three more plants had failed, each being affected by the Sclerotia, On
June 1, a few more plants were seen to be failing, but the remainder, perhaps nearly one-half of
the whole, showed vigorous growth, and gave a cutting on June 30. On July 25 it was found
that tho Clover plants were still dying off. Accordingly the whole of the plants, both living
and dead, were taken up and removed. The underground grosth was picked from the soil as
far as practicable, burnt, and the ashes returned to the soil. The soil was also carefully looked
over for Sclerotin, Several were found, some adhering to the roots, but the most were loose in
the soil. Numerous wire-worms, and three large grabs, were found and removed. On March
15, 1900, & dressing of 1 1b. of bisulphide of carbon was applied to the whole area, and was
immediately raked into the soil. Sced was sown August 24, but gave no erop. At the present
time (June 1901) a fairly healthy but thin plant is growing.

This (1901) is the 48th season of Clover, year after year, on this plot of rich garden
ground. From the foregoing statements, it will be seen that seed was sown in 1854, 1860,
1805, 1868, 1871, 1874 (twice—Dbetween the rows), 1875 (twice), 1876, 1877, 1879, 1880, 1883,
1886, 1888, 1890, 1892, 1895 (3 times), 1896, 1897, 1898, and 1900 ; and in addition, the blanks
in the rows were filled up in 1881, 1882, 1887, 1888, 1889, 1891, 1892, 1898, and 1894, Including
the partial sowings to mend the rows, seed has been sown thivky-four times in the 48 years ; only
five times in the first 20 years, but 29 times in the last 28. It is obvious, therefore, that the
plants stood very much longer in the earlier, than in the later years. It may be added that
the produce of the first five sowings (1854, 1860, 1865, 1868, and 1871) was rather move than
one and a-half time as much as has been obtained since. Lastly, the reduced persistence of the
plant, and the reduced produce, have been coincident with a considerable reduction in the stock
of nitrogen in the soil. Still, there has frequently been very luxuriant growth, even in the
later years; and the produce over 40 years, to 1893 inclusive, was equivalent to an average
of nearly 3 tons of clover hay per ncre per annum.

Tar EXPERIMENTS WITH VARIOUS LraumiNous Prants arrmk REp Crover.

The general result of the experiments degeribed at pp. 46-7 has been that very much more
nitrogen has been removed in some of the other Leguminous plants than in the Red Clover.
The average annual yield in Red Clover over the 5 yoars of the 8 (1878-85), when there
was any crop, was only about 22 lbs. per acre, giving over the 8 ycars an average of only
14 Ibs. of nitrogen. Against this, Melilotus lewcantha (Bokhara Clover) yielded, in 1879 about
180 1bs., in 1882 about 145 1bs., and over the 8 years (1878-85) an average of about 70 1bs. per
aere ; Vicia sativa (Common Veteh) gave over 3 years (1882-84) an average of 120 1bs,, and
over the 8 years (1878-85) an average of about 84 1bs. ; and, lastly, Medicago sativa (Lincerne)
yielded, in 1884 nearly 340 Ibs, in 1885 about 270 1bs., and over the 6 years (1850-85), an
average of about 153 1bs, of nitrogen; and over the 12 years ending 1891, it gave an average
of 160 1bs. of nitrogen per acre per annum. Further, as late as 1895 even Red Clover yielded
very fair produce under some conditions of manuring, and Sainfoin and Bokhara Clover much
more; whilst in 1897, and in 1899, Bokhara Clover yielded very large crops.

Notwithstanding these remarkable resuits, thero has, in recent years, been a tendency to
failure, especially of the wenker plants; due laxgely to the difficulty of keeping the land elean.
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It was, therefore, decided early in 1898 to reduce the area from 3 acres to less than one acre,
in the hope that with so much less land it may be possible to keep it properly cultivated and
ocleaned, and so obviate one serious source of failure—foulness. The five plots of Series Lo
each with mineral manure only, have yiclded the most important results, and they are retained,
80 that the manure, the erop, aud the soil history is substantially continued. (See Plan and
footnotes thereto, at p. 36.)

‘ EXPERIMENTS ON THE GROWTH oF LEGUMINOUS CROPS—continued.

Ter PLoTs STILL RETAINED UNDER EXPERIMENT WI1TH LECUMINOUS PLANTS.

Plot 2 was previously manured with superphosphate of lime, but under the new arrange-
ment receives bagic slag; Plot 3 receives sulphate of potash; Plot 4 sulphate of potash and
basic slag (formerly superphosphate); Plot & salts of potash, sodu, lime, and magnesia; and
Plot 6, the same as Plot 5, and basic slag (formerly superphosphate). For details see p. 47.

Each of the five differently manured plots is sown with the seven descriptions of leguminous
plant :—namely (1) Lucerne, (2) Beans (or Peas), (3) Melilotus leucantha (Bokhara Olover),

| (4) Sainfoin, (6) White Clover, (6) Red Clover, (7) Vetches.

{ Lucerne (Nos. 1 and 2).—The seed was sown on a portion of each of the five differently
manured plots on June 8 and 9, 1898; and small cuttings were obtained in September.
In 1899, fair first crop cuttings were obtained in July, and smallor second crops in August.

‘ In 1900 moderate crops were obtained in July. At ench of the periods theve was more produce
by potash and phosphate together (Plot 4), than by either alome. There was also more on
Plot 6, with the mixed alkali-salts and phosphate than on Plot & with the mixed alkali-salts
alone in the first two years, while in 1900 Plot 5 gave rather more than Plot 6. At the present
time (June 1901) there is a fairly even and & fairly lusuriant plant on each of the five plots.

Peas or Beans (Nos. 3 and 4).—Beans were sown in April 1898, yielding only small crops;
but more on Plot 4 with the potash and phosphate together than with either alone, and again
more with the mixed alkali-salts and phosphate than with the mixed alkali-salts alone. In
March 1899, Peas wore sown, and yielded small erops, but considerably more with the potash
and phosphate together than with either soparately; and, us in other cases, considerably
more with the mixed allali-salts and phosphate than with the mixed alkali-salts ulone. In
March 1900, Beans were sown and yielded fair crops. The potash and phosphate together
(Plot 4) gave nearly double the produce of either alone, and the mixed alkali-salts and
phosphate yielded rather more than the alkali-salts alone. In April 1901, Peas were again
sown, and at the present time (June 1901) there is a somewhat thin plant owing to destruction
by pigeons.

Melilotus leucantha— Bokhara Clover (Nos. b and 6).—Seed was sown in June 1898, but no
produce was removed. In 1899 there were heavy crops, which were cut in July; and as with
other plants there was more produce with the potash and phosphate together than with
either separately, and more with the mixed alkali-salts and phosphate than with the mixed
alkali-salts alone. After the removal of the crops it was found that most of the plant was dead,
and as the land was becoming rather foul it was ploughed up in March 1900, and resown with
seed in September, which germinated well, but the plant died during the winter. The land
was ploughed up and resown with seed in May, 1901. ,

Sainfoin (Nos. T and 8),—Seed was sown in June 1898, but the growth was not sufficient
for any cutting that year. In 1899 the plant was somewhat irregular, and owing to the droughs
the growth was not luxuriant. Cuttings were obtained in July, yielding, however, much less
weights of produce than the lucerne. In July 1900, fair crops wero obtained, the phosphate
and potash together (Plot 4) yielding more than either alone, and the mixed alkali-salts and
phosphate considerably more than the alkali-salts alone. At the present time (June 1901)
there is still an irregular plant, though quite enough to preserve.

Trifoliwm vepens— Wlhite or Dutch Clover (Nos. 9 and 10).—Seed was sown in June 1898,
but there was not sufficient growth to yield a cutting in that year; nor was there in 1899,
owing to the drought. In July 1900, small cuttings were obfained, the mixed alkali-salts and
phosphate (Plot 6) yielding considerably more than any of the other plots. At the present time
(June 1901) there is a somewhat irregular plant, but considered cnough to leave for a crop.

Trifolium pratense—Red (lover (Nos. 11 and 12).—Seed was sown in June 1898, and again
in May 1899, but as in ths case of the White Clover there was not sufficient growth to yield a
cutting in either 1898 of 1899. 1In July 1900, very small cuttings were obtained cither with
potash alone, phosphate alone, or with potash and phosphate togethor ; while with mixed
alkali-salts nlone, and mixed alkali-salts and phosphate together, there were fuir erops. During
the winter so large a proportion of the plants died, that it was ploughed up. New seed was
sown May 1901.
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( 48 )
w EXPERIMENTS ON THE GrROWTH oF LEGUMINOUS CROPS—continued.

Vicia sative, Common Vetch (Nos. 13 and 14),—Seed was sown in April 1898, which yielded
small erops in September. Seed was again sown in March 1899, and yielded small cropg
in July. Seed was also sown in Qetober 1899, yielding small crops in July 1900. Seed
was again sown in April 1901, and at the present time (June 1901) there is a thin but fairly
even plant.

Still confining attention to the plots retained under experiments with leguminous plants, |
it may be further explained, thatin 1898, before the mineral manures were applied and sced sown, ‘
samples of the surface soils were taken where each of the seven different leguminous plants had
been grown, on each of the five differently manured plots. The samples were taken primarily
for the purpose of obtaining watery exlracts for the inoculation of artificial soils, composed of
sand and the properly prepared ashes of the plant, in which, in pots in a glass-house, the seven
different descriptions of leguminous plant were to be grown ; the object being to gain some
information as to how far the absence, or the weakly condition, of the mierobes involved in the
fixation of free nitrogen had probably been one cause of the failure, or of the less favourable
growth on the different plots in the field in some cases than in others.

Tur Por Prant ExerrivuNts iy rue Grass-Houss,

As each of the seven descriptions of leguminous plant had been grown in the ficld under
five different conditions as to manuring, five pots of washed and heated saud, with the ash of
the plant, were sown with each description of plant; to be microbe-seeded, respectively, by
the watery cxtract of the surface-soil of the five differently manured plots in the field on which
the plant had been grown. There was also, for each deseription of plant, a pot with similarly
prepared sand and ash, but to be microbe-sceded by a watery extract from rich garden soil.
Thus, the only supply of nitrogen to the plauts was that contained in the seed sown, a very
small amount in the sand, and the practically-negligible amounts in the soil extract used for
microbe-seeding.
For each deseription of plant there wore, therefore, six pots, respectively microbe-seeded |
as under :— ‘
Pot 1.—From vich garden soil.
Pot 2—From Plot 2 in the field, which had been manured with superphosphate only.
Pot 3. —From Plot 3 in the field, which had been manured with sulphate of potash only.
Pot 4.—From Plot 4 in the field, which had been manured with sulphate of potash and
superphosphate together.
Pot 5.—From Plot 5 in the field, which had been manured with galts of potash, soda, and
‘ magnesia.
Pot 6. —From Plot 6 in the field, which had been manured with both superphosphate, and
salts of potash, soda, and magnesia.
The two aunuals, beans aud votches, were cut, and the roots taken up, in September 1898.
Beans (No. 2)—Three sceds;were sown in each of tle six pots on April 16 (1898). The
seed of the bean being very large, it would supply much nitrogen to the growing plants.
Txamination of the roots showed that there had been a considerable development of nodules,
‘ which was evidence that the soil-extracts had effeetively seeded the growing roots, and was
also clear indication that there had been fixation of free nitrogen. It is of interest to observe,
‘ too, that in several cases the development of the nodules was greater in the pots microbe-seeded
' by the extract from the soil of the leguminous plots in the field, than by that from the garden-
| goil. Nitrogen determinations have not yet been made in the separated nodules; but they have
|

been in the corn, in the stems and leaves, aud in the roots; and the results go far show from [
nearly soven to more than eight times as much nitrogen in the products of growth as in tho ‘
seed sown. It is remarkabloe, too, that in the case of this ripened seed-bearing annual, a much |
larger proportion of the total nitrogen of the products was accumulated in the corn than in the
stem and leaves where the microbe-seeding was from a plot in the field where phosphate had been
{ used, than where a falt of potash, or salts of potash, soda, and maguesin without phosphate, had
been employed.
‘ Vicia sativa— Common Veteh (No. 7).—The sced was sown on April 19 (1898). The seed
' of the Vetch is also comparatively large, but very much smaller than that of the Bean, and the
three sceds sown in each pot contained only about one-twelfth as much nitrogen as was snpplied
in the seed in the case of the Beans, Kxamination of the roots showed that there had been
considerable development of nodules on them; but many appeared to be in an exhausted
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EXPERIMENTS ON THE GROWTH oF LrGUMINOUS CROPS—continued.

condition, which is what would be expected with a fairly ripened crop. Excluding any nitrogen
in the nodules, the amount in the products of growth was in no case so low as twenty, and in
most over thirty times, as much as was supplied in the seed sown.

Melilotus leucantha— Bokhara Clover (No. 8).—In the first instance six seeds were sown in
each of the six pots,on April 27, 1898. The Melilotus seed, which is very small, did not
germinate well, and some of the pots had to be resown several times. The growth was in fact
very irregular, there being one or two plants two or three feet high, and others only as many
inches, in the same pot. In pot 2 there was scarcely any growth ; and in pot 6 it was very
defective. The above-ground growth of all the pots was cut on November 8, 1898, and as there was
not sufficient development of shoots from the erown to promise a second growth, the roots were
taken up on December 29. There were, however, numerous nodules on the roots of many of the
plants, showing that the microbe-infection had been effective, and indicating that there had been
tixation of free nitrogen. The nitrogen determinations (excluding any in the nodules) show,
in fact, some gain even in the two pots of comparative failure (2 and 6), and in the others
there was a variable amount of gain from over 100 to nearly 400 times, as much as was in
the seed sown.

The remaining plants, those of longer life, were—-White Clover, Red Clover, Sainfoin,
and Lucerne.

Trifolium repens— White Clover (No. 5).—Six seeds were sown in each pot on May 2, 1898 ;
and later four more were put into pot 3, five more into pot 4, and four more into pot 6, to fill
up gaps. Mierobe-seeding by soil-extract was first applied on June 15, and the application
was repeated at intervals of a few days until the effect was obvious. In this way each of the
pots 2, 8, 4, 5, and 6, received five applications, in all equal to about 114 cc. of the soil-extract ;
but No. 1, with garden soil-extract, required three more applications than the others, equal in
total to about 180 ce. of the extract, In fact, the infection seemed to be more successful under
the influence of the extract from the field-soil where white clover had grown, than of that from
the garden-soil. Towards the end of August the plants in pots 2, 3, 5, and 6, were well in
flower, and the produce was cut from pots 2, 5,and 6, on August 22, and from pot 8 on August 30.

| The first cuttings from pots 1 and 4 were, however, not taken until October 7 ; but at that time

‘ the plants of pot 4 had developed so much growth that the stems fell over the sides of the pot
on to the bench, whilst those of pot 1 fell over considerably, but in a less degree. At the same
date, October 7, the plants in pots 2, 8, 5, and 6, again showed much growth, but no flowers,
and wore then cut a second time. Further cuttings were taken from all the pots on May 25,
July 8, and August 16, 1899 ; also on June 8, July 20, September 7, and December 5, 1900; in
all eight cuttings from pots Nos. 1 and 4, and nine from Nos. 2, 8, 5, and 6. Excluding any
nitrogen in the roots or in the nodules, there are so far, from nearly 2000 to nearly 4500 times
as much nitrogen in the products as in the seed sown ; indicating, therefore, an enormous gain
of nitrogen due to the microbe-seeding. At the present time (June 1901) the plants in each
pot are in flower, and will goon be cub again,

Trifoliwm pratense—Red Clover (No. 6)—Six seeds were sown in each pot on
May 2, 1898; and later four more in pot 8, and one each in pots 4, 5, and 6, o fill up gaps.
In due time after the microbe-seeding, there was fair growth in all the pots, but less than in
the case of the white clover. Cuttings were taken from each pot towards the end of August;
and again on October 7, 1898 ; on June 24, and August 15, 1899 ; also on July 20, September 7,
and December 5, 1900—in all, therefore, seven cuttings. There has been less total growth, and
less free-flowering, in the case of the red than of the white clover. Red Clover seed is very
smell, though still much larger than that of the white ; and each seed would supply more than
3 times as much combined nitrogen as the white clover seed. The first five cuttings in no case
show less than 300, and in some more than 600 times as much nitrogen in the products as was
supplied in the seed sown. The nitrogen in the two last cutiings has not yet been determined.
At the present time (June 1901), there is fair growth in all the pots, but little tendeney to
flowering ; auother cutting will soon be faken, and probably one or more afterwards; and
eventually the nitrogen in the roots and in the nodules will have to be brought into account.

Onobrychis sativa—=Sainfoin (No. 4).—The Sainfoin seed is small, but considerably larger
than that of either White Clover, Red Clover, Lucerne, or Bokhara Clover. Three seeds were
gown in each of the six pots on April 29; and later two more in pots 1 and 2; three more in
pots 8, 4, and 6 ; and five more in pot 5, to fill up gaps. There were eventually two plants in
pots 1 and 6, and three in each of the others. All the pots were microbe-seeded on June 25,

| July 7, and July 9; but pot 1, with gardon soil-extract, had to be seeded three times more,
t namely, on July 15,19, and 28; and the other pots were each seeded once more on July 19.
The growth in all the pots was more limited than in the case of any of the other plants, but the
folinge had the characteristic dark green colour. Cuttings have been taken at seven periods,
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EXPERIMENTS ON THE GROWTH OF LEGUMINOUS Crors—continued.

namely, on November 8, 1898 ; May 24, and August 17, 1899 ; May 14, J uly 20, and December 5,
19005 and May 81, 1901. The plants in most of the pots flowered in May 1899, and in May
1900. In July 1899, one dead plant was taken out of pot 1, one out of pot 8, and one out of
pot 5; there being thenno plant left in pot 3. Nitrogen determinations have been made in each
of the first three cuttings, from pots Nos. 1, 2, 4, 5, and 6 3 and in the two cutfings from pot 8.
The results, so far, show some gain of nitrogen compared with that in the seed sown, even in
pots 3 and b, microbe-sceded from the plots in the field which had not been manured with
phosphate, and where the growth in the pots was the most restricted ; more in pot 1 with garden
soil microbe-seeding, and considerably more in pots 2, 4, and 6 microbe-seeded from the plots in
the field which had been manured with phosphate ;—indeed in these three anges there was from
30 to 40 times as much nitrogen in the products of the three cuttings as in the seed sown. It
may be added that the cuttings taken on May 14, 1900, the nitrogen in which has not yot been
determined, were in each ease more than at either of the preceding cuttings. There was the
most from pot 6, less from pots 2 and 4, less from pot 1, and much less still from pot 5.

Medicago sativa—Lucerne (No. 1).—The seed of Lucerne is very small, about the size of
that of Red Clover. Six seeds were sown in each of the six pots on April 25, 1898 ; and in each
of the pots 2, 3, 4, b, and 6, more were put in from time to time to fill up gaps. The application
of soil-exiract for microhe-seeding commenced on June 16, and was repeated in the case of all
the pots on June 20 and July 9 ; and the vesult was safisfactory in the case of each of the five
pots where the soil-extract was taken from the Lucerne plots in the field. In pot 1, however,
treated with extract from vich garden soil, the plants did not recover from the “nitrogen-
hunger” stage indicated by pale colour and restricted growth, although the'extract was applied
five more times up to August 1. On August 10, four of the diminutive pale green plants were
therefore removed, and their roots examined, when on a root-fibril of one plant, which had for a
fow days shown slight increase of colour, some small nodules were found ; and two very small
nodules were observed on the root-fibrils of the smallest plant, but there were none on either of
the other two. The three plants left in the pot were then microbe-seeded by the extract of the
surface-soil from the lucerne plot 4 in the field, the manure of which had been superphosphate
and sulphate of potash. The effect was soon observable, the plants acquiring a bright green
colour, and developing activity of growth. The produce has been eut seven times from each pot,
namely, on November 1, 1898 ; on June 24, August 19, and December 9,1899; and on J uly 20,
September 7, and December 5, 1900. There was comparatively littlo tendency to flowering in
the plants of the first cutting (November 1, 1898), but there was more in pots 2 and 4 than in
tho rest. 1In the second cuttings (June 24, 1899), there were some flowering heads in those of
pot 2, but not in the others. In the cuttings of Angust 19, 1899, the only indieation of flowering
was again in pot 2 ; and in those of December 9, 1899, there were no flowering heads. In the
cuttings of July 1900, the plants in each pot produced flowers, except No. 4. The largest
quantity was yielded in that of pot 2. In the cutting of September 7, 1900, the plants in all
the pots produced flowers, the most matured were in pots 1 and 5, which yielded some sceding
heads. In the cuttings of December 5 none of the plants showed a tendency to flowering. The
uitrogen has been determined in each of the first four cutbings. The largest amounts wore in the
cuttings of June 24, 1899, and next in those of August 19, 1899, whilst the least was in those
of Decomber 9, 1899. The largest yiold of total nitrogen was in the produce of pot No. 2, next
in that of pot 3, then in that of pot 5 ; pots 4 and 6 coming next, and pot 1, originally seeded
with garden soil-extract, giving the least. Caleulating the yield of nitrogen determined in the
produce in relation fo that in the seed sown, it ranged from over 100 to nearly 800 times as
much as was supplied in the seed. The produce of the next three cuttings is considerably more
than that of the first four, and at the present time (June 1901) there is again n considerable
amount of growth in cach of the six pots; so that there will be much more nitrogen to eredit to
the produce in all the pots, besides that in the roots and nodules. It may be stated generally, that
there is more tendency to lower and leafy vegetation in the pots microbe-seeded from the plots in the
field manured with plenty of potash but without phosphate, and more tendency to the produetion of
stems and flowering when the extract was taken from the soil where phosphate had been applied.

In conclusion, a careful study of the results of these experiments, so far as they have yet
been obtained, will show how enormous, under certain conditions, may be the fixation of

_ nitrogen in proportion to the amounts otherwise available to the plants.

Tre Prors ProuHED vP ¥oR CLEANING, &0.—WHEAT arTER VARIOUS Lecumivovs Praxnts,

As explained in the footnote at the bottom of the plan of the plots on which experiments
havo been made on Leguminous Plants for so many years (see p. 36), owing to the growing
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ExpeEriMENTS ON THE GrOWTH oF LEcumiNous CRrRoPs—continued.

foulness of the land in recent years, it was decided early in 1898 to plough up for thorough
cleaning Plot 1 of Series I. (Small Beds), also the whole of the plots of Series II,and Series I1I,
Accordingly, the portions named, comprising more than two acres, and rather more than two-
thirds of the original area, were ploughed up in March of that year. The land was ploughed a
second time in May, and then scuffled twice and harrowed twice. In July the land was
ploughed for the third time. During these various processes a good deal of rubbish wag brought
to the surface, and with the drought and hot sun most of it was killed, and it was finally
ploughed in. The land was re-plonghed early in October, and as it was now considered to be
sufficiently clean, wheat was drilled over the whole on November 2; the description being Club
Wheat (Red) ; the land having been harrowed three times before the drill, and once after it.

The land was thus sown with wheat without manure, as a means of gauging the effects of
the different treatment of the plots under Leguminous growth. It may be further explained
that there had been 3-foet paths separating from one another each of the Plots 1 to 6 of the
different Series, and also between each description of leguminous plant, as indicated by the lines
shown on Plot 2 of Series I. in the plan. As it was impossible to plough each of the differently
manured plots, and each of the different plants separately, Series II. and Series IIIL. were each
ploughed, and otherwise mechanically worked, from one end to the other, that is through the
six plots and through all the separating paths,

Throughout the period of growth there was a good and even plant of wheat over the whole
area, and as the season advanced there was a promise of very heavy crops; showing, however,
marked distinetions according to the description of leguminous plant which had previously been
grown ; the luxuriance being by far the most marked on the lucerne plots, on which the wheat
had a very deep green colour, and was early laid quite flat.

As explained in the plan, each of the six plots had been differently manured, and each
differently manured plot had had seven different leguminous crops growing upon it. It is
obvious that it would have been impracticable to harvest and thresh separately, the produce
after each of the seven deseriptions of plant, on each of the six differently manured plots, which
would have involved the separation, and the threshing and dressing separately, of forty-two
different lots. Accordingly, there were mixed fogether the produce after each description of
leguminous plant, each grown under the six conditions as to manuring ; thusreducing the number
of lots to be dealt with to seven. There is obviously some disadvantage in ignoring the
difference of effect of the different manures on the individual leguminous plants; but it was
considered to be more important to separate the produce after the different plants, than to take
that on each difforently manured plot, each of which had grown seven different descriptions of
leguminous plant.

As explained in the footnote to the plan, p. 36, wheat was again sown in October 1899,
and for a third time in October 1900.

The following Table shows the produce of wheat obtained on the plots of Series II. and
Series IIL., which had been devoted to various leguminous plants from 1878 to 1897 inclusive ;
with, however, occasional fallow when there was failure of plant, or the land was foul. Results
are given for the produce of wheat in 1899, and also in 1900 ; and columns are left for that of 1901.

WeEeaT, 1899, 1900, axp 1901,

Dressed Grain.
Total Produce

Leguminous = 1 Str T acre. i
Planr.gs previously Produce per acre. ‘Weight per bushel. ol Bhramper & (Grain nd Straw) per acre.
grown, I - -
| 1899. | 1900. 1901. 1899. ’ 1900. 1901, 1899. l 1900. 1901, 1899. ‘ 1900, f 1901,
| bush. | bush. | bushi | s | Ibs, ‘ e | s | ms | s | ms | s | s
Lucerne .. .. | 393 | 26} 636 | 61-7 5,499 | 2,014 8,108 | 4,291 1
Peas .. .. .. | 423| 141 63-9 | 61-0 | 5,622 | 1,812 8,430 | 2,202
Bokhara Clover 433 | 16} 64-1 | 614 | 5,592 | 1,549 8,508 | 2,582
Sainfoin .. .. | 45} 19 64:3 | 614 5.611 | 1,788 8,639 1 2,986
White Clover .. | 434 | 19} 641 | 61°5 5,404 | 1,707 8,308 | 2,927
Red Clover ., | 43 | 19 643 | 61°5 5,580 | 1,787 8,505 2,992|
Vetches .. .. l 40 | 143 644 | 61°9 5,051 | 1,360 7,766 | 2,262 |

; Roferring first to the produce of 1899, owing to the drought and heat of the summer,
| the crops ripened well, but rather too quickly, and they were cut on August 10 and 11, and
‘ carted on August 12, At a glance it is seen that the produce of both grain and straw was very
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high, 8s also was the weight per bushel of the grain. Thus, the produce of dressed grain per
acre, ranged after the different leguminous crops, from nearly 40 to over 45 bushels; the produce
of straw in two cases exceeded 21 tons, and in the others was not much less; whilst the weight
per bushel of the grain was in only two eases under, and in five over, 64. 1bs. It has alvendy
Dbeen stated, that after lucerne, the luxuriance of growth was more marked than after any of the
other leguminous plants; but it is seen that the produce of grain was the lowest, and the weight
per bushel was also the lowest, owing to the too heavy crop being laid quite early, The growth
was also very luxnriant on all the plots, especially after the Sainfoin, the Bolkhara Clover, and the
Red Clover, and the yield and quality depended much on the condition of the crops when cut.

It may be added, that with the high condition of the land after so many yoars under
leguminous crops, & winter and spring favourable to luxuriance, and great deficiency of rain
and considerably over average temperature in the summer, carly vegetative activity was
followed by favourable ripening and harvest conditions. Under these circumstances, the grains
were adjudged by Mr. Hewlins to be upon the whole very well grown, and characterised by
great strength; the wheat after Lucerne being the strongest of all, and that ofter the peas
perhaps the weakest. The grains were, in fact, found to contain a high percentage of nitrogen,
and there can be little doubt that there was a high condition of the nitrogenous substances.

In the second year the description of wheat sown was * Square Head’s Master.” There
wag o good plant on all the plots, though much less growth than in 1899. Nevertheless, the
plants again showed more luxuriance after the Lucerne than after any of the other leguminous
plants, and the Table shows that the produce of both grain and straw was considerably higher
on the Lucerne plots than on any of the others. The produce was, however, on all the plots
very much less in 1900 than in 1899. Part of the vesult would doubtless be due to the
great exhaustion of nitrogenous residue in the growth of the large crops of 1899 and part
to the season of 1900 being very much less favowrable for wheat production than that of
1899. The weight per bushel was also much lower in 1900 than in 1899,

Square Head’s Master was again sown for the third crop, that of 1901, and at the present
time (June 1901) the wheat shows a good plant on all the plots, though only restricted growth.
Still, the Lucerne plots again show more luxuriance than any of the others.

General Conclusions ; Fization of Free Nitrogen, de.

The general result of the experiments on ordinary arable land in the field has been—that
neither organic matter rich in carbon as well as other constituents, nor ammonium-salts, nor
nitrate of soda, nor mineral constituents, nor a complex mixture, supplied as manure, availed
to restore the clover-yielding capabilities of the land; though, where some of these were applied
in large quantity, and at considerable depths, the result was better than when they were used
in only moderate quantities, and applied only on the surface.

On the other hand, it is clear that the soil in the gavden, which at the commencement
contained in its upper layers about four times as much nitrogen as the arable land, and would
doubtless be correspondingly rich in other constituents, has supplied the conditions under which
clover can be grown year after year on the samo land for many years in succession.

The results obtained on the soil in the garden seem to show that what is called “clover-
siclmess,” cannot be due to the injurious influence of exereted matters upon the immediately
succeeding crop.

That Clover frequently fails coincidently with injury from parasitic plants, or inscets,
cannot be disputed; but it may be doubted whether such injury should be reckoned as the
cause, or merely the concomitant, and an aggravation, of the failing condition.

The results of the experiments seem, therefore, to exclude the supposition that the primary
cause of failure is either destruction by parasitic plants or insects, injury from exereted matters,
or the shade of a corn-erop, and to indicate that it must be looked for in exhaustion of some kind
within the range of the roots.

Still there remain several open questions. Is it exhaustion of certain organic matters rich
in carbon, of nitrogenous food, or of mineral constituents? Again: is there an absolute defi-
ciency in the soil of some of the substances in question, or only an unfavoumrable condition
of combination, or, so to speak, of soil-digestion of them, for the requirements of Leguminous
plants?  Or, is there only an unfavourable distribution of them within the soil, considered in
relation to the extent and chavacter of the root-range of the crop? Or, lastly, is the failure
connected with the condition, the distribution, or the exhaustion, of the organisms, the develop-
ment of which in symbiosis with leguminous plants, has been shown to be associated with,
the fixation of free nitrogen ?  For further reference to this point, see next page, also page 7,
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In reference to these various questions, it is a fact of much significance that from October
1857 to May 1879, the diminution in the amount of nitrogen in the garden-soil to the depth of
9 inches only, represented approximately two-thirds as much as was estimated to have been
taken out in the crops of the 21 intermediate seasons ; and it was concluded that there had been
reduction in the lower depths also.

The subject cannot be further considered within the limits of this brief notice, which
may be concluded by the following quotation from Rothamsted papers (¢ Journal of the Royal
Agricultural Society of HEngland,” vol. xxi. Part I. p. 178; and ‘Journal of the Royal Horti-
cultural Society of London,’ vol. iii. p. 86, 1872) :—

“ When land is not what is called ‘clover-sick,’ the crop of clover may frequently be
increased by top-dressings of manure containing potash and superphosphate of lime; but
the high price of salts of potash, and the uncertainty of the action of manures upon the crop,
render the application of artificial manures for clover a practice of doubtful economy.

“ When the land is what is called ¢ clover-sick,’ none of the ordinary manures, whether
¢ artificial* or natural, can be relied upon to secure a crop.

“ So far as our present knowledge goes, the only means of insuring a good crop of Red
Clover is to allow some years to elapse before repeating the crop upon the same land.”

Experiments at Rothamsted have confirmed those of others, in showing that, by adding
to a sterilised sandy-soil growing leguminous plants, a small quantity of the watery extract
of a soil containing the appropriate organisms, a marked development of the so-called
leguminous nodules on the roots is induced, and that there is, coincidently, increased growth, and
gain of nitrogen. There is no evidence that the leguminous plant itself assimilates free nitrogen ;
the supposition is, that the gain is due to the fixation of nitrogen in the course of development
of the lower organisms within the root-nodules, the nitrogenous compounds so produced being
taken up and utilized by the higher plant.

It would seem, therefore, that in the growth of leguminous crops, such as clover, vetches,
peas, beans, sainfoin, lucerne, &c., at any rate some of the large amount of nitrogen which they
contain, and of the large amount which they frequently leave ag nitrogenous residue in the soil for
future crops, may be due fo atmospheric nitrogen brought into combination by the agency of
lower organisms. It has yet to be ascertained, however, under what conditions a greater or less
proportion of the total nitrogen of the crop will be derived—on the one hand from nitrogen-
compounds within the soil, and on the other from such fixation. It might be supposed, that
the amount due to fixation would be the less in the richer soils, and the greater in soils that
are poor in combined nitrogen, and which are open and porous. On the other Land, recent
results obtained at Rothamsted, indicate that, at any rate with some leguminous plants, there
may be more nodules produced, and presumably more fixation, with a soil rich in combined
nitrogen, than in one poor in that respect.

In conclusion, as referred to above, the question remains—how far the failure of clover, and
other leguminous crops, may be due to the exhaustion of available combined nitrogen, or mineral
constituents, within the range of the roots, and how far to the exhaustion of the organisms
necessary for the bringing about of the fixation of free nitrogen ?

For further particulars on the Question of the Fixation of Free Nitrogen, see No. 92,
Series I. (in the list of papers at page 14), pages 119-145; or, No. 93,Series 1., pages 137-166.
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Prax orF THE Prors v BARN FIELD,
ON WHICH EXPERIMENTS HAVE BEEN MADE
wiTH ROOT-CROPS.

59 years, commencing 1843.
[For a brief summary of results and conclusions, see opposite page.]
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Total area of ploughed Jand about 8 acres.

1,2, 5, 6,7, and 8, of each Series, rather over } acre (0'14598 acre).
8, of each Series about ;; acre (0°03649 acre).
Aren. of Plots. 4: of each Series about f ‘acre (0-20074 acre).
9, rether over f; acre (0*42 acre).
The double lines indicate division paths between plot and plot.

[For particulars of manuring and produce, etc., see pp. 56-85.]
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RESULTS OF EXPERIMENTS MADE IN BARN FIELD ON THE GROWTH OF

ROOT-CROPS,

for many years in succession on the same land, without manure, with Farmyard-manure, and
with various artificial manures—commencing in 1843 ;

Norfolk White Turnips, 6 years, 1848-48 ;

Swedish Turnips, 4 years, 1849-52 ;

(Barley 8 years, 1858-55, without manure, to exhaust as far as possible the residue from
previous manuring, and so to equalize the condition of the plots, before re-arrangement of
them) ;

Swedish Turnips, 15 years, 1856-70 ;

Sugar-Beet, b years, 1871-75 ;

Mangel Wurzel, 26 years, 1876-1901. (In 1898, and since, small areas have been devoted
to Sugar-beet—See Plan p. 54 ; also pp. 84-5.)

Root-crops are grown in most Rotations in Burope. Their growth affords an excellent
opportunity for cleaning the land ; and they are generally considered to be in a sense restora-
tive crops. DBut they depend for luxuriant growth on an abundance of nitrogenous as well as
mineral constituents within the soil; and they are generally highly manured. Indeed, when
grown in ordinary soil without manure, either for a few years in succession, or even in rotation,
they soon revert to the uncultivated condition. The restorative effects of their growth in
rotation are in fact due—to the large amount of manure applied for their growth ; to the large
residue of the manure loft in the soil for future crops; to the large amount of matter at once
returned as manure again in the leaves; to the large amount of food produced, and the small
amount of the most important manurial constituents of the roots which is retained by the
animals consuming them—the rest returning as manure again,

Feeding-roots ave essentially Sugar crops. The percentage of sugar is the greater the more
matbure the roots, and is consequently as a rule the greater in the roots of the smaller crops.
But the amount of sugar produced per acre is much the greater in the larger crops. The
amount of crop, and of Sugar produced, depends greatly on the amount of Nitrogen taken up.
The percentage of nitrogen in Feeding-roots is comparatively low, but it is the higher the
greater the available supply within the soil, and the more luxuriant and less ripe the crop. A
large, but variable, proportion of the nitrogen is non-albuminoid ; the movre, the less ripe the
crop. The proportion of albuminoid matter to non-nitrogenous food material is very much
lower than in ripened products, such as cereal grains for example. The amount of crop, and the
percentage and actual amount of nitrogen in the roots, depend very directly on the amount of
nitrogen available within the soil ; and it is quite fallacious to suppose that root-crops gain
much of their nitrogen from atmospheric sources by means of their extended leaf-surface.

For particulars of the manuring and produce, and to some extent of the composition of the
different descriptions of roots grown on the different plots, see pages 56-85.
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Exrerivents o SUGAR-BEET.—BARN FIELD, ROTHAMSTED.

New Serizs—commencing in 1898. \
|

Lxperiments on the growth of Sugar-beet were made at Rothamsted during 5 conscoutive years, 1871-5; for tl}e
particulars and results of which sce pp. 58-61. Tor summary, and discussion thereof, see No. 92, pp. 27-41, No. 93,
pp. 5148, and No. 07, in the list of papers of Sevies L, given at p. 14.

Having regard to the renewed interest taken in the question of the growth of Sugar-beet, and the profitable produe- ‘
tion of sugar from it, in this country, it was decided in 1898 to make some new experiments at R_othn.msl.gd on the
subject. A special object was, to obtain, in a greater degree thunin the earlier experiments, both fair luxuriance, and
at the same time adequate ripening; so as to ensure both high percentago of sugar, and high yield of sugar per ucre.
It was obviously essential fo employ seed of the most approved deseription at the present time.  Accordingly, we wrote
to Messrs. Vilmorin & Co,, of Paris, who sent us seed of their * While Green Top Brabunt.” Two sets of experiments
were made in Barn Field in 1898, . :

The First Set.—These were conducted on short lengths of land in the valley between Series L and Series II. of the
Mangel plots; and they received, respectively, the same mineral manures as the Mangels, Ope-t‘mrd of the length had <1 |
the mineral manures unly ; one-third the mineral manures and 2 ewts. of Bulphate of Ammonin per acre; and one-third
the mincral manures and 272 1bs, Nitrate of Soda in addition (containing the same nmount of Nitrogen as the
Sulphate of Ammonin), The rows being in continuation of these of the Mangels, they were necessarily gl: the same
distance apart—26 inches; and the Sugar-beet seed was, as was that of the Mangels, sown on ridges. The Sugar-
beet seed was, however, dibbled, and at ouly 8 inches apaxt in the rows,

The seed was sown on April 19 and 20 (1808); and fhe nitrogenous manures were top-dressed on July 11, after
which there was searcely any rain until the 27th and 28th, when nearly an inch fell. In August thore was less than
hall the average fall, and in September less than a quarter the average; whilst in August, and in each month to the ‘|
end of the year, the temperature was over average, The result was, that the nitrogenous manures showed very little
effect. In October, when the crops ought to have been ready to take up, there was o fair amount of rain, and. the “
weather being open and warm, the etops were allowed to stand, to see if there would be more effvet from the nitrogenous
monures, There proved to be some irregulnrity of the soils of this set of experiments; and, indepundently of this, on
the one hand, the drought limited lusurianee, whilst on the other, the high temperatures fayoured the formation of
sugar. The result was, high percontage of sugar in the roots, but, with low amounts of produce, low produce of sugar
per nere, .

1 The summary of the results obtained on Plots 4 and 5 given in the Table below, will clearly illustrate the character
of the crops, both as to quantity and quality. — < .

Tn the case of Mangels, the sugar is determined in the roots with little more of trimming than is usual in the field
for a feeding crop, snd the sugar per acre is calenlated on the weight of the crop as carled. In the caso of Sugar-beet
grown for the manufacture of sugar, however, the sugar is determine in the roots with the crowns _tl.'lmme'd‘ off, andl
the sugar per acre is calenlated on the weight of roots per acre in the cleaned and so trimmed condition. The three
upper divisions of the ‘L'ible show the produce of roots per aers as carled, the weight of leaf, and the proportion of leaf
to 1,000 root. The subsequent divisions show the produce per acre of the cleamed snd trimmed roots, the percentage of
sugar in them, and the Bugagtrer nere in the cleaned and trimmed roots. . ) .

4 The plots having received no nitroganous manure for many years, the yield with the mineral manure alone was

\ only between G and 7 tons per ere; and when trimmed as for sugar, litle over 6 tons, With the very restricted
aotion of the nitrogenous murures owing to drought, there was very little increase by the Ammonium-salts, and much
less than there should have been by the Nitrate of Soda. It will be scen, however, that there was distinetly more
effect from the nitrogenous manures when Busic Slag was used with Potash, Sodn, and Magnesia, than with Basic Slag
alone.  With the restricted growth, but favourable temperature for sugar-formation, the percenlage of sugar in the
roots was fairly high, averaging more than 14, With the limited produce of roots, the produce of sugar per acre was,
on Plot 4, with the full mineral manure alone, 2,081 Ib.; with Sulphate of Ammonia added, 2,274 1b.; and with Nitrale
of Soda added, 3,524 1b.  Thus, therefore, with the plants o wide apart, and with such limited action of the nitrogencus
manures owing Lo season, there was still, with the full minetal wanure and Nitrate of Soda, rather more than 1} ton |
of sugar per ncre.

STANDARD MANURES, and—
SERIES 1. e —_— —
Pror. STANDARD MANURES, Standard Manures Serigs 2. SErRIzs 3.
only. 2 cwts. Sulphate 2172 Ibs, Nitrate
of Ammonia, = of Soda, =
= - . . S m 43 1bs. Nitrogen. 43 11): N@.
Probuct or Roots (as Carted) per AcRE.
i : = Tons cwts. ; Tons ewts, | 'lons cwis.
4 Bagic Slag, and Potash, Soda, and Magnesia .. 6 1 | 13 J 11 18
5 | BasieSlagonly .. .. . .. . .. . 6 9 6 6 10 4 ‘
Propuct: oF LEAF PER ACRE.

4 | Basic Slag, and Potash, Soda, and Magnesia .. .. 1 11 117 | 2 16
5  BasicSlagonly .. .. .. .. . . . . | 1 7 1 12 | 2z 8
Luar ro 1,000 Roor.

4 | Basic Slag, and Pofash, Soda, and Magnesia .. .. | 229 245 T 237
L' Basic Slagonly .. . oo e e e ae | 210 | 261 234
PRrRopUCE oF “ CLEANED AND 'I'Rimnup ” Roors rer AcRE—7Tons, Owts.

4 | Basic Slag, and Potash, Soda, and Magnesia .. .. -8 5 | 7 2 I 1 1
5 Basic Slag only .. G0 AR TN e few N 6 0o | 518 | 9 10
SUGAR 1IN “ CLEANED AND 'U'RIMMED ” Roors—Per Cent.

4 | Basic Slag, and Potash, Soda, and Magunesia .. .. W47 | 1426 | 14-22
5 l Bagic Slagonly .. .. .. . .o o | 1402 I 13+99 1463
SUGAR IN “ CLEANED AND TRIMMED” Roors PER AoORE—Lbs.

‘4 | Basic Slag, and Potush, Soda, and Maguesia .. .. 2,031 2,274 \ 3,524
5 ‘ BasicB8lagonly .o wi w wv s e e i 1,886 1,842 3,108
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| ExperivenTs oN SUGAR-BEET.—BARN FIELD, ROTHAMSTED.
New SBrRIES—Ccommencing in 1898,

‘ The Second Set.—This set of experiments was carried out on a portion of Plot 9 of the Mangel-land, which had
received Dung and Phosphate, and some Ammonium-salts, for 22 years in succession, 1876-97. TUnlike the goil on
which the first set was eonducted, the soil of this set was, therefors, in high condition, o far as previous treatment was
| concerned. The land was subsoiled, and received o good deal of extra working, in order to secure a good tilth and seed
bed. Mineral manure was applied over the whole on April 6, at the rate of 500 lbs. Sulphate of Potash,and 400 1bs.
of Basic Slag per acre.  Owing, however, to the additional mechanical operations, and the intervention of rain delaying
the working of the land, the seed was not dibbled until May 12, or rather more than three weeks later than the first set.
The seed was put in on the flat, in rows 15 inches apart, with 8 inches apart in the rows. One-third of the area had
the mineral manures alone; one-third 2 ewts. per acre of Sulphate of Ammonia in addition ; and the other third 272 1bs.
Nitrate of Soda per acre in addition. As in the case of the first set, the nitrogenous manures were top-dressed on July 11 ;
after which, as has already been explained, there was great deficiency of rain wuntil October, when a fair amount fell;
and, as the weather remained open and warm, the crops were allowed to stand, to see if there would be more effect from
the nitrogenous manures. There was, in fact, considerable extension of growth of the leaves; but after a time it |
beeame a question whether the inereased growth of leaf was not in part at the expense of the roots. The weather still |
remaining favourable, the crops were left standing until the middle of December; but sugar was determined in samples
taken on November 22 and 23, and also on December 5 and 6. The results showed, in some cases, a rather lower
percentage at the later date ; indicating that the increase in the growth of leaves had been, at any rate to some extent,
at the expense of the roots. The mean of the results at the two dates is adopted. The Table below gives a summary
of the results.

It will be seen that, with the high condition of the land, the produce of roots in 1898 was with mineral manure alone
more than 16 tons gross, and nearly 15 tons trimmed—that is about 21 times as much as in the case of the first set ; whilst,
owing to the limited action of the nitrogenous manures from drought, there was very little increase of root, but more of
leaf, by the addition of these manures. Under these circumstances, the proportion of leaf to 1,000 of root was more
than it should be in favourably matured Sugar-beet, and this was the case notwithstanding that the plants were grown
80 vlose together. The percentage of sugar in the roots was, therefore, lower than it would have been if the roots had
been taken up at their best stage of maturation, that is, before the second growth of leaf. Nevertheless, there was
a produce of trimmed roots of about 15 tons per acre ; and a yield of sugar per acre in the roots reckoned as cleaned
and trimmed, of 4,202 lbs, with the mineral manure alone, 4,865 1bs, with the mineral manure and Sulphate of
Ammonia, and 4,402 Ibs, with the mineral manure and Nitrate of Soda; that is, nearly 2 tons of sugar per acre.

It was decided not to repeat the first set of experiments—those in the valley between Series I and Series I1. of the
Mangels. But those of the second set, under more suitable circumstances as to the condition of the land, and as to
distance apart of the plants, are continued, In 1898, the rows were 15 inches apart, but 17 inches in 1899 and since
in each year 8 inches from plant to plaut in the rows. The same mineral manures as in 1898 have been applied
in each year since.

In 1899, the condition of the land and of the weather being favourable, the same amounts of Sulphate of Ammonin
and of Nitrute of Soda were sown, and harrowed in, on May 2, instead of being left for top-dressing later; and the
seed was afterwards dibbled, also on May 2, as stated in the Luble below. Owing, however, to drought, the plant to,n
great extent failed, and the blanks were filled in by transplanting; but the growth was restricteﬁ froni continued
deficiency of rain.

In 1900, the nitrogenous manures were top-dressed on July 19, and the season being throughout favourable,
there was considerable incrense hoth of roots and of sugar obtained by their use. The percentage of sugar in the
roots is seen to be a good denl higher than in 1898, and the produce of sugar per acre was, with the mineral manure
alone 4,096 Ibs., with Sulphate of Ammonia in addition 5,631 1bs.,, and with Nitrate of Soda in addition 5,643 Ibs.

Produce per Produce | Sugar in ¢ Cleaned

Propor- l of and Trimmed *
Acre, tion of | (Cleaned TRoots.
Prort. MANURES PER ACRE. Leafto | and |
| 1.10{00 of 'Il'{imml'd" — ===
| ! oot, || Roots per l
. Rc:?::d()?s ! Leaf. Acre. | Per Cent. IPer Acre.

Sﬁgo; 18;8 Mineral Manures sown April 6; Seed dibbled May 12 and 13 ; Nitrogenous Manures tqp-di*egsed J l;ly 11;
Crop taken np Dee. 16-19.

—— [ e —— Tons owts.l'ons cwis. 45‘1‘01:5 cwts,| Percent. | lbs,
9-1 ' 400 lbs. Basic Slag, and 600 1bs. Sul. Potash ob o0 ¥ e "16 3 4 15 293 || 14 14 1308 4,292
9-2 400 1bs. Busic Slag, and 500 Ibs. Sul Potash, and 2 cwts. Sul. Ammonla | 16 19 6 14 335 f 15 9 12462 4,365
9-3 | 400 1bs, Basic Slag, and 500 1bs, Sul, Potash, and 272 1bs. Nitratoof Soda | 16 10 6 2 371 l 15 1 | 1305 4,409

Smason 1899, Mineral Manures sown April 12; Nitrogenous Manures sown May 2; Seed dibbled May 2;
Crop taken up, Oct. 21 and 23.

9-1 | 400 Ibs, Basic Slag, and 500 1bs. Sul, Potash .. .. .. .. .. ..| & 18 4 14 5% [
9-2 | 400 |bs. Basio Slag, and 500 1hs. Sul. Potash, and 2 cwts. Sul, Ammonla 9 0 (1 7 , for .
9-3 J 400 Ibs. Basle Slag, and 500 Vlbs.is_lllj.’ﬁash.}nd 272 1bs. Nitrate of Soda ) 8 4 7 12 923 |

Season 1900. Mineral Manures sown April 23; Nitrogenous Manures sown July 19; Seed dibbled May 11 ;
Crop taken up, Nov, 22-24.

9-1 | 400 ibs, Basic Slag, and 500 Ibs. Sul, Potash .. .. .. .. .. .. | 18 7 | 8 16 | 28 . 12 9 | 1469 4,006
9-2 | 400 1bs. Basic Slag, and 500 lbs. Sul. Potash, and 2 cwts, Sul. Ammonia | 18 13 5 19 318 | 11 8 1446 5,681
326 | 17 7 1 1450 5,648

79—3 | 400 Ibs. Baste Slag, and 500 1bs. Sul, Potash, and 272 1bs, Nitrate of Soda | 18 13 G 2 |
Srason 1901. Mineral Manures sown May 1; Nitrogenous Manures sown i Seed dibbled May 13 ; ‘

Crop taken up,

9-1 [ 400 lbs, Basic Slag, and 500 1bs, Sul. Potash .. .. .. .. .. .. |
9-2 | 400 1bs. Basic Slug, and 500 lbs. Sul. Potash, and 2 cwts. Sul. Ammonia | ‘
3 { 400 1bs. Busfe Slag, and 500 1bs. Sul. Potash, and 272 1bs. Nitrate of Soda |

L
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Prax oF tHE Prors i HOOS FIELD, |
OoN WHIcH EXPERIMENTS HAVE BEEN MADE 1

‘ oN POTATOES, 1

" WITHOUT MANURE, AND WITH VARIOUS MANURES.
26 years, 1876-1901. rI

[.Foi' a brief summary of results and conclusions, see opposite imge.] (
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Total aren of ploughed land about 24; acre.
Area of each plot 1 acre. ;
‘The double lines indicate division paths between plot and plot.
[For details of the manuring and produce, see pp. 88-109.]
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RESULTS OF EXPERIMENTS MADE IN HOOS FIELD, ON THE GROWTH OF
POTATOES.

These experiments were commenced in 1876, so that 1901 is the 26th year of their continuance. The
desoriptions grown were “ Roek,” 4 years, © Champion,” 11 years,  Sutton’s Abundance,” 5 years, “Bruce,” 1 year,
and “White Beauty of Hebron,” 1897, and since. The question was not as to the comparntive merits of
different descriptions, and different sorts were selected on the supposition that in growing the crop year after year ’
| change was desirable, especinlly with a view to the avoidance or lessoning of disease. The specinl objeot was to
ascertain the manurial requirements of the crop, and the enmparative charnctors and composition of the produce.

The crop was grown coutinuously without manure, with various artificinl manures, and also with farmyard

manure, both alone and with some artificial manures. Theve were 10 differently manured plots, and under each
of the 10 conditions the crop more or less declined over the later compared with the eurlier years, The average
produce per acre of totnl tull)yers over the 20 years was—without manure, only 1 ton, 11} ewt.; with ammonium-
| salts alone, 1 ton, 183 ewt, ; with nitraie of soda nlone, 2 tons, 8 ewt. : with superphosphate alone, 3 tons, 23 owt, ;
with mixed mineral monure, including potash, 3 tons, 6§ owt. Thus, purcly mitrogenous manures yielded less
than purely mineral manures, indicating that there was a deficiency of ash-constituents rather than of available
nitrogen within the soil. With the mixed mineral manure and ammonium-salts togetlier, the average produce
of total tubers was nearly 6 tons, and with the mixed mineral manure and nitrate of soda rather over 6 tons per
acre. The better result by the nitrate of soda is doubtless duo to its nitrogen being more immediately available,
and more rapidly distributed within tho soil, and so inducing o more extended development of feeding roof.
The avernge produce by the mineral and nitrogenous manures together, over 20 years of continuous rowth,
was very nearly that of the estimated average produce of Great Britain under ordinary cultivation, and much
more than that of Ireland. It was also more than the average of any other country in Furope, much more
than many of them, and about 3 times as much as that of the United States,

The plots receiving farmyard manure, conteining about 200 Ib. of nitrogen, gave less produce than the
mixture of mineral manure and ammoniumesalts, or nitrate of soda, supplying only 86 1b. of nitrogen. In fact,
only a small proportion of the nitrogen of farmyard manure i rapidly available, that due to undizested matter
heing more slowly available, and that in the litter remaining a long time inactive. Farmyard munure is,

Howevyer, often applied in very lurge quantities for potatoes, the process being to a great extent one of forcing,
and there remaing o great amount of unexlausted mannre-residue within the soil.

"Che percentago of nitrogen in potato tubers is muel inereased by the application of nitrog;ﬁnous manures,
but the luss so the riper the erop.  Without manure there is a comparatively low percentage of mineral matter
and o medium percentage of nitrogen. With mineral munure alone there is the highest percentage of mineral
matter, and the lowest of nitrogen.,  With purely nitrogenous manures there is the lowest percentage of mineral
mutter, and the highest of nitrogen, Lastly, with mineral and nitrogenous manures together, there are inter-
mediate percentages, both of minernl matter and of nitrogen, in the tubers. More than 80 per cent. of the total
nitrogen of the tubers exists in the Jjuice. A comparatively small bub variable proportion of the nitrogen of
the tubers oxists as albuminoids in the solid portion; perhaps on the average only abyut 15 per cent. ; whilst from
40 to 50 per cent. of the tutul nitrogen muy exist as soluble albuminoids in the juice, so that about or nearly
bwo-thixds of the total nitrogen may exist as albuminoidy, by far the larger proportion being, however, in the
juice. The non-albuminoid nitrogénons matter exists chiolly as amides,

The churacteristic effect of nitrogenous manures, provided there bo a sufficient available supply of ash-

constiluents, and especially of potush, is to increass the amount of the non-nitrogenous substance—starch, in
the tubers. Thus, the produce of starch per acre was about 1100 1b. without manure, nearly 2000 1b. with
purely mineral manure, and with nitrogenous and mineral manures together about 3400 1b,, or about 1} ton.
In other words, the inereased produce of starch by the use of the mineral and nitrogenous manures together
wag more than 1 ton per acte. That ig, there was a great increase in the production of the non-nitrogenous
conslituent—starch, by the use of nitrogen in manure, just as there is an ineresse in the produce of the non-
nitrogenous constituent—sugar, by the use of nitrogenous manures to root erops. The inereased production of
non-nitrogenous substances by nitrogenous manures, is equally striking in cereal crops; the result in their case
being an increased production of staroh in the grain, and of cellulose in the straw. Indeed, it is for the pro-
duuti]g_n {tl)f thadnon-niu'ogenous substances—starch, sugar, and cellulose—that our direct nitrogenous manures
are chiefly used,

It is well known that senson hes much to do with the development of the potato disease; and there was
on the average much more disease in the wotter seasons. As regards the influence of manure, the proportion
of discased tubers was the least whero there was no snpply of nitrogen; that is, where thero was the least
luxuriance, the most restricted growth, and where the ripening was early developed. On the other hand, with
liberal supply of nitrogen, and luxuriant owth, tliere was the greatest proportion of diseased tubers; these
being the conditions in which the juice is re utively rich in nitrogenous and mineral matters, Indeed, when the
unsuitable weather comes, those tubers suffer the most which have the richest juice, that is, the lenst fixity of
coutposition. It was found that there was always o higher, and sometimes 2 much higher, percentuge of nitrogen
in the dry substunce of the diseased than in that of the sound tubers, indicating a loss of non-nitrogenous con-
stituents. In many eases the still white, and also the separuted discoloured portion of the diseased tubers, were
anglysed. Whilst the juice of the white portion contained approximately the normal amount of nitrogen, that |
of the diseoloured portion contained very much less. On the other hand, the washed “ Mare” of the white ‘
portion contained very little nitrogen, whilst that of the discoloured portion contained very much more, The
distribution of the mineral matter to u grent extent, followed that of the niwogen, The juice had obviously
suffered exhaustion of much of both its nitrogen and its mineral matter in the development of the fungus,
Further, there was moresugar (partly cane and partly glucose) in the diseased potatues, which probably eimtri-
buted to the development of the fungus,  Apparently the first malterinl change in the devefopmenl: of the
disenso is the destruction of starch and the formation of sugar. There is also a considerable loss of organic, and
chiefly non-nitrogenous substance, due in part to the decomposition of the produced sugar, but probably in
part to the evolution of earbouic acid, as a coincident of the growth of the fungus at the expense of ready-
formed organic substance, this being a charucteristic of the growth of such. non-chloropliyllous plants. Thus
the results adduced as to the conrss of the disease are quite consistent with the fact that it develops the more
in tubers grown by highly nitrogenous muanures, and having o highly nitrogenous juice.

A full availible supply of ash-constituents is essentinl for the sucoessful growth of the potato, but these
being provided, the amount of pruduce is largely dependent on the avuilable supply of nitroﬁen. Iu ordinary
practice, farmyard manure is mainly relied upon. It is used in very large quantities, and it is sometimes
supplemented by liberal dressings of artificial manures, both mineral and nitrogenous. 'The potato removes,
however, u less proportion of the nitregen supplied thun any other furm crop.

For purticulars of the munuring und produce, and to some extent of the composition of the differently grown
tubers, see pages 88-109, ‘
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‘ Superphosphate of Lime,"” made from high percentage mineral phosphates, and containing 37 per cent., or more, of soluble phosphate.

2% “ Ammonium-salts "—iu each case equal parts Sulphate and Murfate Ammonia of Commerce.
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PLaN oF THE Prors IN AGDELL FIELD, ‘
ON WHICH EXPERIMENTS HAVE BEEN MADE
oN FOUR-COURSE ROTATION.
54 years, commencing 1848,
{ For a brief summary of results and conclusions, see opposite page.]

‘ ]
Rools: Fed, || Rerls” Fed..
| L .
e i
Rty Corted.|| Rorols Corted
ﬁ
(Retts Fed, || Rorls Fed,
Roels Cleds || Roels Carled,
{
]
Rosls Fed. || Rooli dred.
"y
, & |
| |
| : Rosls Cartad || Rools Canted,
P ———

Total area of ploughed land about 3 acres.
Aren of each of the 12 divisions } acre. i

‘ The 4 lower divisions, Unmanured continuously (Plot 1),
The + middle divisions, Mineral Manure, for the Roots, each Course (Plot 2). I
The 4 upper divisions, Mineral and Nitrogenous Manure, for the Roots, each Course (Plot 3), |
The 6 left-hand divisions, Clover (or Beans), 8rd year each Course.
The 6 right-hand divisions, F'allow, 8id year cach Course. :
The double lines indicate division paths between plot and plot.

[For details of the manuring and produce, see pp. 112-121.] |
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: RESULTS OF EXPERIMENTS MADE IN AGDELL FIELD, ON
‘ THE ROTATION OF CROPS. ;

The experiments were commenced in 1848 ; so that 1901 is the 54th year of their continuance, and the-
seeond year of the 14th Course. In the experiments in other fields, some of the most important crops of rotation
have been grown, each separately, for many years in succession—without manure, with farmyard manure, and
with various artificial manures, DBut besides such experiments, others have been made on the growth of the
crops in an actual course of rotation, without manure, and with different manures, The results with the
individual erops throw much light on the characteristic requirements of ench particular erop; whilst those on
the growth of the erops in rofation serve to confirm and control those with the individual crops.

The rotation selected for investigation was the well known and typical four-course rotation of—1. Turnips;
\ 2. Barley; 8. Leguminous Crops (or Fallow); 4. Wheat; that is, an alternation of Root-crops and of
Leguminous Crops with cereals; which is the basis of most of the various rotations ndopted in different purts of
our own country, and also in many other countries. One portion of the land was left entirely without manure
each course; another received mineral manure only, for the turnips of each course; and a third mixed mineral
‘ and nitrogenous manures, also only for the turnips of each course.
| 1. The Swedish Turnips commencing each Course—When various root-crops were grown year after year on
the same land without manure, they soon reverted to the uncultivated condition; and the experiments on
rotation show that the Swedish turnips grown once in four years in unmanured rotation, came down to only
about 1 ton per acre. The results further show, that mineral manures alone applied for the root-crops gave
considerable increase, bub that mineral and nitrogenous manures together gave more still. Without manure,
the average produce of roots was less over the last 4 than over tﬁe preceding 8 courses; but with mineral
manure alone (ineluding potash in the last 4 courses) it was higher, and with mineral and nitrogenous manures
togethier much higher, over the last 4 courses ; the result being, however, largely due to more favourable seasons,
Indeed, in 1888 and 1892, the years of root-crop in the 11th and 12th courses, although the produce without
manure was less; that by each of the two descriptions of manure was considerably more than the average of the
preceding courses; that is, both the reversion to the uneultivated condition without manure, and the increased
growth with suitable manures, were very marked. In fact, withont manure the produce of roots was as restricted
in rotation as in continuous growth ; with purely mineral manure it was greater in rotation than in continuous
growth, the exhaustion of the available nitrogen of the soil being less under rotation; and with the mixed
mineral and nitrogenous manure much more produce was obtained under rotation than with continuous growth
Lastly, the results conclusively show how artificial & produet is the cultivated root-crop, and how dependent it is
forits successful growth on an abundant supply of available food—nitrogenous as well ag mineral—within the soil

2. The Barley Crops—DBarley, without manure, succeeded the differently manured Swedish turnip crops of
each course, Although theavernge produceof the rovt-crops was greater over the last + (L0th, 11th, 12th, and 13th)
than oyer the preceding 8 courses, the suceeeding barley crops were much less over the lnst 4 courses. Thiswas the
case, not only where the root-eraps had been carted off, but also where they had not been so removed.  As, however,
the produce of barley in the 4 years in question (1885, 1889, 1893, and 1807) was also less than the average in Hoos
Iield where the crop is grown year after year, the result is doubtless mainly due to the seasons, Then, the average
praduce of barley over the 8 courses was actually less after the carted off rools grown by mineral manure (super-
phosphate) than after those grown without manure. The explanation is—that as there was Ern.cticall_v no
produce of roots without manure the unmenured plot was practically fallow for the barley; whilst with the
mineral manure fair crops of roots were grown and removed, leaving the surfuce soil the more exhausted of its
available nitrogen and other constituents. In the later years, however, after such long continued exhaustion,
the unmanured plot has yielded legs barley after the removal of the roots than the mineral manured plot.  On
the other hand, where the roots were not removed from the land, tho mineral manured plot has generally
yielded more barley than the unmanured. Turther, under all conditions of treatment, the plots with mixed
mineral and nitrogenous manure have yielded more barley than thoge with the mineral manure alone, In fact,
the effects of the manurial and other treatment of the first crop of the course are clearly manitested in the
produce of the second crop. Lastly, both without manure, and with the mineral manure alone, there was more
produce of barley in rotation than in continnous growth, but with mixed mineral and nitrogenous manure there
was more produce when the crop was grown continuously, the supply of nitrogen in that case being somewhat
laxger and annuenlly applied for the cxop,

8. The Leguminous Crops (or Fallow)—Under equal eonditions as to manuring, the Leguminous omfﬂ'
especinlly the clover, bring much more nitrogen into the course than either of the other crops. Further, the
amount of nitrogen so brought into the rofation is mueh greater under the influence of mincral manures, and
espeoially of potash manures, than without manure; whilst under the influence of the mixed mineral and
nitrogenous manure the yield of nitrogen is grenter still, the leguminous ¢rop utilising the unexhausted nitrogenous
mannre- and crop-residue, For tho suceessful growth of leguminons crops, however, a liberal supply of available
minerul constituents within the soil, espeeinlly potash and lime, is essential. Judging from compurable cases, the
amount of nitrogen accumulated by the Leguminons crops was much greater when they were grown in rotation,
that is only occasionally, than when grown continuously. With fallow instead of a Leguminous orop, there is
very much less nitrogen yielded in the rotation, and more liability to loss of it by drainuge, aud hence so much
it less brought into the ecireulation of the farm for food or manure. Tastly, most of the nitrogen of the leguminons
' erop is retained on the farm; and there is more or less, and sometimes much nitrogenous crop-residue left in the
goil for succeeding crops.

4. The Wheat Cmgs.«There was very much more produce of wheat both without manure and with mineral
manure, and considerably more with the mineral and nitrogenous manure, when it was grown in rotation than
under comparable conditions continuously, Taking the quantities of produce by the mixed mineral and nitro-
genous manure the result was that the two cereal erops produced approximately equal amounts of dry substance,
and each considerably more than either of the assumed restorative crops—the roots or the leguminous crops.
The supply of nitrogen within the soil available to the wheat crop is inereased both by fallow and by the growth
of a leguminous crop, especially of clover; and the accumulation is the greater when the goil and subsoil are
not abnormally exhausted of organic nitrogen,

Upon the whole the results show that the benefits of rotation are very various. They depend on the
varying requirements, habits of growth, and capabilities of gathering and assimilating the necessary
constituents, of the different crops. The difference in the amounts available within the soil of the various
mineral constituents, is one element in the explanation; but the faets relating to the amouut, ind to the
sources, of the nitrogen of the different crops, are of still greater significance, T'he uses of the different crops
have also to be taken into account, The cerenls yield more produce for sale in the season of growth in
rotution than when grown continuously, 'The crops alternated with them accumulate very much mere of
mineral constituents and of nitrogen in their produce; but by fir the greater proportion of thuse constituents
remains in circulation in the mauure of the farm, whilst the remainder yiclds highly valuable produets for
sale in meat and milk. Again, with a variety of crops, the operations of the farm are hetler distributed over
the year, and are therefore wore economically performed. Lastly, the opportunities which alternute cropping
‘ afford for cleaning the land constitute a prominent element of advantage.

} Kor details of the manuring and produce of the different plots, see pagoes 112-121.
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¢ A
Resunrs oF EXPERIMENTS WITH DIFFERENT DESORIPTIONS OF
]
I 1871; 1872; 1873; 1874; t 1876;
; | Foster's Vield; | Long Hoos Upper Little Knott=
Sawpit Field; | 2 ewts, Super- | Iield; Hurpenden | Wood Field ; |
DESCRIPTIONS OF WHEAT, 3 ewts, Guanoj| phosphate, 1} ewt, Nitrate; Tield ; ‘ 14 ewt. Niteate |
after 2ewts, Nitrate | after 2 cwts, Nitrate; Soda; 1
Mangels, Soda ; Mangels after Mangels | after Mangels
carted off, after Roots, | (with Dung), | (with Dung), | (with Dung),
[ carted off, | carted off, carted off, ‘ 1874, cavted off.
- . DRESSED CORN
1. White-chaft (Red) .. .. .. e . 103 ss; | 403 |
2. Rivett's (Red) .. .. « . o ww ) il i 48} 67 | 481 ‘
3. Olubb Wheat (Red) .. .. 283 ‘ 40 353 \ 504 88}
4, Red-chaff (White) .. .. .. 323 37 35% ! 48§ 84}
6. Browick (Red) .. .. . .. 35} 404 381 i 514 383
6, Red Wonder w e 81} 43¢ 37} ; 55} ¢ 83}
7. Burwell (01d Red Lammas) .. 31} 413 86} ! 474 38)
8. Bristol Red .. .. . .. 204 443 39} ' 534 313
9. Red Nursery .. . . . 84} 45} 27} 411 39
10. Red Langham .. ., .. .. 30§ | 488 84} | 58y 343
11. Woolly Ear (White) .. .. s | 4% 87 |51} 36}
12. Hardeastle (White) D Wi 463 42 ! 49§ 331 |
18. Golden Drop (Red), Hallett's 803 | 49§ | 51 38 |
14. Victorin White, Hallett's .. 33§ ‘ 453/ 38% ! 44} 83%
15. Hunter's White, Hallett's .. 263 893 38§ i 453 263 |
16. Original Red, Hallett's .. .. 80 36} 36§ ‘ 434 26 ‘
17. White Chiddam .. .. .. 26} 383 31§ 42 824 !
18, Red Rosfock .. .. .. .. 87 ) s 46} 534 37 '
19. Casey’s White .. .« .. . 207 42} 37} 52} 39
20. Golden Rough-chaff (Red) .. 33 393 384 52} 383
21, Bole's Prolific (Red) .. .. 338 424 453 48} 483
22. Club Wheat (Red) .. .. . 86 45§ 473} 59§ 46§ |
98, Main's Standing White .. .| . . i Ll Ny woes |
24, Main's Rough-chalf (White) .. e s an FERE v
2b. Belgian (White) .. .. . o 'Ly P “w e ot S !
26, Webb's Ohallenge (White) .. R e i e o5 vp o ng
Means .. .. .. 82} 423 [ 88} 503 36§
T WEIGHT PR
1. White-chaff (Red) .. . .. : 58% 61§ 6 |
2. Rivett’s (Red) .. . .. vr o o 7, 57} 58} 58}
8, Chubb Wheat (Red) .. .. 60} 613 59§ 61} 593
4. Red-chaff (White) .. .. . 61% 624 602 613 603
5. Browick (Red) o wn e 60 613 59% 61% 693
6. Red Wonder .. .. . .. 59 603 60 623 60g
7. Burwell (0ld Red Lammas) .. 62 63 61% 63% 613 |
8. Bristol Red . .+ 0 W 607 613 603 613 60}
9, Red Nursery .. . . o 63 65 62 653 623
10. Red Langham .. .. .. .. 603 61} 604 63 603
11. Woolly Ear (White) .. .. 61} 62} 61} 623 873
12. Hardeastle (White) .. .. .. vl W 61} 59% 63 597
18. Golden Drop (Red), Hallett's 613 63 50% 63 61} ‘ L‘
14, Viotoria White, Huallett's .. 61 ! 623 593 623 61¢ ‘ :
15, Hunter's White, Hallett’s .. 50} | 612 573 61} 603 I '
16. Origina) Red, Hallett’s .. .. 58§ W 60 56} 603 58} ‘
17. White Chiddam .. .. . 62} 63 593 622 613 1
18. Red Rostock .. .. . 60} o 56§ 597 59§
19. Casey's White ..« o . 63 | 61 58§ 603 60 I
20, Golden Rough-chaft (Red) .. 61§ [ 623 593 623 61§ |
21, Bole’s Prolific (Red) .. .. 614 62§ 573 62
292, Club Wheat (Red) .. .. . 603 | 613 58% 617
28, Main’s Standing White .. .. i wwe " o 5
24, Main’s Rough-chafl (White) .. soowe T i ‘
25. Belgian (White) .. .. .. oo | 3 ‘ o a B wa
926. Webb’s Challenge (White) .. w e | o . o
Means .. . oo o 603 | 62 [ 591 61
(11 All the crops were more or less affected by wire-worm, large bare patehes appearing on meny plots; snd much f
fmmature nid biighted.
"2, Owing doubtless in great part to the imperfect development of the grain from the crop of 1879, much of the wheat #g
crop of 1880 did not germinate at all, and of that which did come up a grear deal was aftors ard. destroyed by wire-worm, &
thavnd of Marel [t was o question whethor there would be a Jp1n1n, loft in the Beld worth saving, With the thin wheat plad
an extraordivary growih of weeds, which the wet wmonth of July (ilich favoured and wade it impossible to keep under,
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T i "T
' ( 123 )
3 WHEAT, 12 Yrars, 1871-1882, gacn YEAR IN A DIFFERENT FirLp,
1876; | 187r; | 1878; 1879;(Y 1880;(%) | 1881;  [1882;(%)
Foster’s Field; | Little Knott- | Harpenden ‘9q, > 3
‘ ERipae ‘ Sawpit Field ; \2 cwts, N itraté, | Wood Field ; ~' Fiel%; 50 | IlhckyzlrdNE_‘;elti, E}’;ﬁ,s Ave(re?ges,
Ricld 5 |13 owt. Nitrate| after White |2 cwis, Nitrate ; bushels of Soot § 40 i 2 owte, |8 Years, N
e MR Soda Turnips | after Clover, ' after Clover Sada; potd 1871 , N
da ; ) . st ‘ sfter Mungels | Nitrate to
acas after Mangels | (with Dung First and second, unmanured. ith D Soda s after] 1878
| %f:?thlvg':ﬁ l)s | (with Dung), | and Artih'ci;tlz], \Crolzts,us liézy; [ ?{ne Cl'oflz as g::; éun:‘tg' tallow | inclusive.
‘ 5)) | 1876, carted oll'| 1877, part Fe afterwards ay; after- | § .
] I1875.cartedotf.{ part’ca]x)rted °ﬁ',| Yed, Wg'l,;is Fod. 'zsso, carted oft| 1881,
o PER ACRE. DBushels, ,
| e | ey [ s | a0 2g 54 | s |1
! | 49} 493 664 16 29§ 521 533 2
403 413 55} 20§ 143 ol r 41} 8
433 41 2 W .- s B _ 3y 4
59} 401 193 %4 193 473 ¥ 413 5
443 413 52} 22 98% 45] 2 492 6
383 39 463 27 27 443 o 39 7
423 44} 52} 21§ 303 463} 3 42y | 8
373 403 473 30§ 2% 46 3 39, 9
} 424 4927 50% 253 283 48% & 413 10
‘ 46} 3734 48} 20 21 44} 5 413 11
44 42} 54 213 24 45§ B 445 | 12
L 48y 493 528 21 18} 50% E 463 | 18
1 41} 423 43} 143 153 44 - 40§ 14
433 40 423 173 223 o 373 15
40} 443 o oo v . % b 364 16
1 374 | 3% 493 113 27} 47} g 37 17
‘ 40 463 57 8} 282 45% = 45} 18
L 45% 48 473 155 | 24 427 g 42, 19
1 383 . sg 463 143 | 31} 41§ 3 408 | 20
\ 413 . 443 52§ 31 243 464 & 44 |21
Lo | 49} ‘ 61 28% 163 o8 493 22
o 1 oo 50} 32} 163 L 443 50 @ 928
s 503 24 15} 39§ f 503 | 24
b [ 52} 213 | 98 | . . 523 25
S| e D o o 308 | 3% e .| 26
423 | 42} | 513 | 21} 23} 453 !‘ 434 iMeann.
| BUSHEL. Lbs, 3 S o i )
8 | ez | ey | 5m sg | 61 | 1
59% . 60} { 58] 494 553 | 56§ 583 2
62 © | 60} | 613 | 53 | 5% i 603 3
63y f 60 N s o | o B e e " 61 4
628 | e0g | 623 523 543 60} < 61 | 5
63 61} ‘ 63 524 | 56 602 2 61 | ¢
643 61} 64 55% | 58} 61 A 623 7
‘ 62§ 59 | 63} 54 | o7 603 2 61} 8
‘ 66 58§ 623 577 | 59 613 [ 63 | 9
| 633 61} 1 63! 544 | 563 59 | g 613 | 10
f 633 59% 62) | 52y | 553 603 jgn 613 | 11
s 63} 597 61} 529 | 35§ 603 g 613 |12
‘ 643 613 ‘ 634 593 5% | e | . 62y 138
633 61 ‘ 613 | 51} 361 | 60} | A 613 | 14
‘ 63§ 593 ‘ 62} 55 594 | s ey 60§ 15
! 628 | 59 | & & 1 « . o ow | owe e | @ 593 16
, T sl e 543 58 | ep | 0§ 62 17
r 63} sop | 60 | 54 563 607 3 59 8
| 63} 593 | 603 | 559 583 617 g 605 19
l 65 60§ | 61 | 54 573, 62 3 62 20
63] 603 63} 551 55} 613 & 613 21
633 593 T 523 55§ 60% 61y 22
= g - 618 563 574 61 613 23
613 533 561 614 61 24
6804 51§ 53; .o 603 25
| l 1 N .- 59} 58] .2
e | e} | e 553} s6f | 60 | 61 [Means.

wheats anpenmi to suffer most, either from imperfectly developed seed, wire-worm, or blight. ‘The most satisiuctory crop was *“ Webb's
Challenge,” the seed for which was obtalied divect from the seed-maa, not grown on the farm, 1s were the others,

(*) Owing 1o the produce of (879 and 1580 being so exceptiunally bad, that of those years is ot included in the averages; nor is that of 1881,

(*) ‘[he erop of 1882 was completely beaten down by the high winds and heavy rains of July, which greatly interfered with the proper muturation
of the gralu ; the produce was thercfore not kept separate or welghed; and in sume places not even threshed,
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