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FROM THE
JOURNAL OF THE ROYAL AGRICULTURAL SOCIETY OF ENGLAND.
VOL. VIIL, PART II., 1847.

NOTE ON REPRINTING IN 1896.

This paper, which was published in 1847, now nearly fifty
years ago, records experimental results and conclusions which are
still of interest and importance; but there are some points to
which it seems desirable that reference should here be made.
Thus, it is throughout assumed that the carbon of the “ organic
manures used, such as farmyard manure, rape-cake, &c., was an
important source of the carbon of the crops, but it is not now
supposed that it is so in the case of chlorophyllous vegetation.
Independently of the benefits arising from the mechanical effects
of farmyard manure, such “ organic " manures are specially
valuable for the nitrogen and the mineral matters they supply ;
the carbonic acid yielded on the decomposition of their carbon-
aceous constituents being chiefly useful in aiding the solution of
the mineral constituents of the soil or the manures. The nomen-
clature is also in some cases not such as would now be used.
For example, the turnip is throughout called a “bulb,” instead
of a root, as it is more properly designated.

AGRICULTURAL CHEMISTRY.

TURNIP CULTURE.

EXPERIENCE is a legitimate and trustworthy guide in all the
great practical arts affecting the physical condition of the human
race, and, for agriculture, ag for many other branches of industry,
has attained a considerable degree of progress independently of
the aid of science; but in so far as experience, as distinguished
from prineciple,is relied upon, must we be content that the soundest
practices should only be adopted by that small proportion of the
entire magses who exercise an intelligent observation, and have
arrived at rules for future guidance more or less by the lessons
of past error. But although the results of investigation into the
rationale of well recognised practices should prove them to be in
the main consistent with philosophy, rather than show them to
be fundamentally ervoneous, yet, when it is remembered that a
well understood and simply explicable principle is much more
easily acted upon and by a much greater number of individuals
than are the dictates of the most acute empiricism, the claim of
science as an improver, as well as an exponent of the economic
arts, must be fully admitted. The young man of average talent
and education, by the assistance of principle, attains comparatively
early the position which otherwise half a life is spent in seeking.
Granting, however, what we are by no means called upon to do,
that the best practices of the age are beyond the aid of science,
and that their more current adoption rather than their improve-
ment is to be expected, a better knowledge than is now prevalent,
regarding the first principles of vegetable growth, will serve to
protect the farmer from the many snares into which either fraud
or ignorance would lead him. If, then, the results of investiga-
tion should tend to explain and to enforce good old practices,
rather than to put forth those which are new and untried, the
B2




4 Agricultural Chemistry—Turnips.

utility or even the necessity of the application of science to
the improvement of our national agriculture will not be the less
evident.

The question with the agriculturist is not so much what are
the constituents which must exist in his soil for the growth of a
given amount of produce ? but what constituents or class of con-
stituents does this or that crop exhaust, relatively to another con-
stituent or class of constituents ? Lookmg at the subject in this
point of view, we are of opinion that the increased growth of
corn may be considered to have a very intimate relationship to the
amount of nitrogen supplied to the soil : and since, owing to the
scarcity and high price of ammoniacal salts, or other direct nitro-
genous supplies, it is impossible to rely upon these sources, a
rotation of crops, and the importation of food for stock, come to
be not merely the only generally applicable, but the most econo-
mical, means of restoring fertility to the soil. Under such a
course for the special accumulation of nitrogen, it will be found
that there is always secured an abundant coincident supply of
mineral and carbonaceous substances, and hence the direct im-
portation of these latter substances is seldom necessary.

The results of our experiments upon wheat and other plants of
the gramineous family have indeed shown, beyond a doubt, that
the character of the exhaustion which the soil suffers by their
growth is essentially and pre-eminently nitrogenous; and since
common usage bears ample testimony to the efficiency of alter-
nate cropping, it is to be supposed that an examination into the
composition, habits, and sources of growth of the plants which
enter into a rotation, would bring to view important functional
differences and peculiarities in the different plants, and such as
should give confidence in general principles and tend to im-
provement and economy in practice.

The greatly varying form and appearance of the various agri-
cultural plants, implying, as undoubtedly they do, essential
differences in their sources of nutriment, have led, from but
superficial observation of them, to erroneous assumptions regard-
ing the true office of certain plants in a course of agricultural
cropping. Thus it is by some maintained that the large surface
of leaf put forth to the atmosphere by the turnip, taken in con-
nexion with the general character and utility of the erop, be-
speaks an almost exclusive reliance upon the natural resources
of the atmosphere for its carbonaceous supply; and the direct
application of nitrogenous manures has accordingly been recom-
mended with the view of favouring to the greatest extent the
development of leaf as a means of securing bulb.

Again, agricultural plants have been arranged according to
their botanical alliances ; and distinctions between the necessary

an
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conditions of artificial supply of certain constituents have been
made, which are inconsistent with the dictates of experience, and
equally so with those to which we are led when other circum-
stances besides the (nevertheless important) botanical distinctions
are brought into consideration. The varying quantitative reliance
upon the atmosphere and the soil of different natural families of
plants constitutes indeed a most interesting and important; pointof
study, and the prineiples upon which the natwral system is founded
may derive essential confirmation from chemiecal researches; but
in referring the varying agricultural value of different pla.nt;h to
the functional characters of the several natural orders to which
they belong, it must always be first decided that the natural aim
and tendency of the plant and order are favoured by our methods
and objects of cultivation, and that the agricultural value of
the plant is in no way dependent on a monstrous or artificial
development at variance with that of its individual health "and
reproductive tendencies.

The cultivation, habit, and uses of the turnip are well suited to
form a contrast to those of our grain crops; and the plant itself
may, to some extent, be taken as the type of the green or fallow
crops, amain effect of which is the preparation of the soil for the
after-growth of corn. The essentially artificial condition which
is induced in the cultivation of the turnip plant, for feeding and
manuring purposes, is most strikingly illustrated by the effect
of climate and manures upon the quantity and composition of
the produce.

We shall now proceed to discuss in detail the results of ex-
periments which have been in progress in the field and in the
laboratory for several years, and which were undertaken with the
view of elucidating some of the general effects of rotation. From
the commencement of the inquiry it has been our wish to avoid,
as far as possible, the bias of any of the conflicting opinions
which have of late years been put forth upon the important
subject under examination, and it will be our endeavour, as we
proceed in our Report, impartially to lay before our readers such
results of direct experiment as will enable them to form their
own estimate of the soundness of any views which we may
advocate or adopt.

At the outset, however, it may be well to caution the agricul-
turist against expectmg what wo by no means presume to exhibit.
The object of the experiments has not been the production of
immense crops, but to trace, as far as we were able, the real
conditions of growth required by the turnip, and to distinguish
these from those of the crops to which it is to a great extent
subservient. To attain our object it will be necessary to speak:
of amounts of produce which may at first sight excite the ridicule
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of those who do not fully appreciate the nature of the question
at issue; but those who choose to go through the details which
we are about to quote will, it is thought, find that a true under-
standing of them tends much to explain the principles upon
which the best agriculture is founded.

Before entering upon a consideration of the turnip results
themselves, we shall remind the reader of some of the leading
facts which may be assumed, regarding the conditions of growth
of the wheat plant.

In the paper on *“ Agricultural Chemistry ” in the last number
of this Journal, a series of experiments was quoted for the pur-
pose of showing the effect of sewson and manuring upon the
growth of wheat; and a careful consideration of them led to
some very important conclusions regarding the nature of the ex-
haustion by corn-cropping,and also as to the varying nutritive and
marketable value of specimens of grain having different characters
and composition, traceable to known conditions of growth.

It was seen that the varying quantity and the quality of the
produce of a plot of land, unmanured during several successive
seasons, were materially dependent on the number of rainy days,
the inches of rain and the temperature, of the months of May,
June, July, and August, during which periods the accumulative
and elaborative processes of the wheat plant are most actively
determined. The average annual produce of the soil and season,
unaided by manure, amounted to about three-fourths of the esti-
mated yield of the neighbourhood under ordinary cultivation—
to two-thirds of that of a plot manured by farmyard-dung—and
to fully half as much as might be expected from as high a course
of farming as the soil and the climate with which we have to deal
would juetify us in adopting. It is remarkable too that, whilst
the quality of this natural produce, as indicated by the relation of
corn to straw, and the weight per bushel of the corn, varied year
by year according to season, yet the characters of the crops grown
by very various and, in some cases, rather high manures, were for
each season somewhat similar to those of the produce of the
unmanured plot. It is evident, then, that the conditions favour-
able to an increased growth of wheat are perfectly consistent in
Irind with the natural tendencies of the plant, and that they only
differ guantitatively from the natural resources of soil and season,
and less indeed in this respect than might have been supposed.

The following table exhibits the influence of season upon the
produce of leup -bulb unaided by the supply of manure. The
soil upon which the experiments were conducted was a somewhat
heavy loam, not well suited for turnips: the previous crops since
manure having been wheat, clover, wheat :—
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No Manure.

Season, Average weight
Bulb per Acre in of bulbs in 1bs.
and tenths,

Tons. cwts. qrs. Ibs.

1843 4 3 3 2 052
1844 2 4 1 O 036
1845 0 13 2 24 011

It is seen that in three years the produce of this unmanured
plot was reduced from 44 tons to 13% cwts. per acre; in the
fourth season (184.6) the bulbs only averaged the size of a radish,
and were considered to be not worth weighing. This result
strikes us as the more remarkable when we reflect that to the
turnip is attributed a power of reliance upon the atmosphere for
its organic constituents, to which it is supposed is due its eflicacy
in restoring fertility to the soil, and increasing the after-growth
of corn, which itself attains to a moderate crop under the influence
of soil and season alone. 'The evidence here afforded of the
totally artificial conditions which are induced in the cultivation
of the turnip for feeding and manuring purposes, is of the clear-
est kind ; and we shall have occasion further on to refer to other
points than those here given, as illustrating so curious a result.

Our present object is to show the entire absence of any bene-
ficial influence of season upon the growth of the turnip, indepen-
dently of artificial supply of constituents. An inspection of the
two following tables, giving the results obtained by various
manures during three seasons, and the characters of the seasons
themselves, affords some insight into the general influence of cli-
mate upon the growth of the cultivated turnip. It must be ad-
mitted, however, that the relation is by no means so quantitatively
definite as in the case of wheat ; whilst the conditions suited to the
favourable growth of the two plants are very opposite in kind :—

Avemge weight of Bulbs
in 1bs. and tenths,

Mixed

Bulb per Acre, in Tons, ewts., grs., and 1bs.

Season. 12 Tons Mixed earthy | 12 Tons | Super- |earthiy and
Farmyerd- Superphosphate and alkaline Farm- phos- alkaline
dung. of Lime, Phosphates and yard- | phate of |Phosplintes
. Sulphates, dung. Lime. and
Sulphates.

“Yons, cwtse qrs, fbs. | Tous, cwis, qrs. s, | Tans cwese qesa fbs,

1843 | 9 9 2 9|12 3 2 8|11 17 2 0| 136 1-47 1-35

1844 (10 15 1 0| 7 14 3 0| 5 13 2 O 119 081 068

1845 (17 0 3 6|12 13 3 12|12 12 2 8| 161 117 1-16
|
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A detailed consideration of the produce of the several seasons
under different conditions of manuring, as just given, cannot fail
to show in which were the climatic influences most favourable to
the growth of the cultivated turnip. It will be remembered that,
without manure, the produce of the first of the three seasons was
much below the most meagre agricultural amount; and that in
the third and fourth it dwindled to almost nothing. This table,
on the other hand, shows that under a course of manuring the
third season yielded the largest crop, and the second invariably
the least. The average produce of the first season, where farm-
yard-dung is employed, is not superior to that of the second
seagon under similar conditions of supply, though it is so in each
of the cases where mineral manures alone are used. If we look
to the average weight of the bulbs, however, as given in the
table, it will be seen that the development was superior in the
first year to that in the second, though inferior to that in the
third. The seeming depreciation in the first season, indicated
by the acreage yield, arose from the adventitious. circumstance
of the greater destruction of plants by disease in that season,
from which cause their number was greatly diminished. The
discrepancy 1is, therefore, apparent rather than real; the result
being dependent, not upon the amount of supply by season and
manure, but upon injury which is more frequently connected
with rich than with poor manuring. Again, neither the acreage
produce nor the average weight of bulbs, where mineral manures
alone were employed, shows so marked a superiority of the third
season as compared with the first, as is evinced in the case of
the farmyard-dung, by which a large amount of organic maiter
was supplied to the plants. We shall have occasion to show,
however, when treating of the effects of manures upon the growth
of the turnip, that there was a deficiency of carbonaceous supply
in the soil in the cases where mineral manures alone had been
used, which gave to the farmyard-dung its superiority in the
third season. Upon the whole it is evident from the results,
that of the three seasons the third was by far the best suited to
the growth of the turnip for feeding purposes, and that the
second was the least so.

Of the real character of these seasons some judgment may be
formed by an inspection of the following table, in which is given
a summary of the statistics provided by the rain-gauge and the
register thermometer, in reference to the climate of the three
seasons during the months of July, August, September, and
October, which may be considered to include the period of the
active growth of the turnip :—
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During July (last 14 days). Dwing August.
) Mean i No. of | inches 1 Mean No. of Inches
Season. | Tempera- rainy of Season, | Tempera- rainy of
ture. days. Rain. ture. days. Rain.
1843 . | 597 11 1-04 1843 634 12 338
1844 658 3 055 1844 597 14 1-84
1845 594 | 1 097 1845 590 17 279
During September. During October.
Mean No. of In c-he_s Mean No. of Inches
Season, Tempera- rainy of Season., | Tempera- rainy of
ture. days. Rain, | ture. days. Rain.
— [— ! I =
1843 { 619 5 098 1843 490 15 2:62
1844 589 14 1-38 1844 502 17 413
1
1845 | 548 14 177 18456 A0°0 10 1-39

By such a summary as is here given, of course only the gene-
ral differences in the seasons are brought to light; but our
readers will probably admit that the greatly increased labour of
examination, were the table more extended and in detail, would
scarcely be compensated for, if the main characters, requisites,
and offices of the turnip season can be ascertained without it.

A relatively large number of rainy days, an enhanced actual
amount of rain, and a low degree of temperature, are prominently
the characters which distingnish the assumed turnip season of
1845 from that of the two preceding years, and during a con-
siderable portion of the period, especially, from that of 1843.

Thus, taking the items somewhat in the order in which they
are given, we find that in the latter half of the month of July,
upon the character of which so materially depended the early
development of the plant, and on this its future growth, in the
seasons of 1848 and 1845 the temperature was lower than in
1844 ; and in 1845 the number of rainy days is more than double
that in 1844, though somewhat less than in 1848, whilst the total
amount of rain was much greater in 1845 than in 1844, and
nearly equal to that in 1843. In August we have in 1845 the
lowest temperature, the greatest number of rainy days, and,
though not the largest actual amount of rain, a quantity large
compared with 1844, though below that in 1843. September
indicates still the Jowest temperature in 1845, a number of rainy
days equal to 1844 and far exceeding 1843, .and also the largest
actual amount of rain. The month of October, on the other
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hand, shows in 1845 the smallest number of rainy days, as well
as actual fall of rain, and a mean temperature not so low as in
1843.

In these facts, even though so general and limited in their
indications, there is scarcely one which does not show that the
most favourable conditions of growth for our cultivated, bulb-
forming turnips ave, relatively to those for the seed-producing
gramineous plants, a low degree of temperature, a large number
of rainy days, and a large actual amount of rain. The seeming
deviation from this general postulate, which is indicated by the
character of the month of October in the third or best turnip
season, is, however, by no means inconsistent with our estimate
of the requisites of such a season, but rather conduces still further
to account for the observed superiority of effect ; for whilst, com-
pared with plants which are cultivated for highly elaborated
products, such as the cereal grains, we should expect the mainly
accumulative and deficiently elaborative processes of the bulb
and leaf forming turnip would requive a lower degree of tem-
perature and a greater amount of moisture favouring the circu-
latory determinations of the plants, there is, nevertheless, a
point at which depreciation in temperature is injurious to vege-
tation. Indeed, the full growth of the turnip erop depends greatly
on the postponement of the winter temperature, and hence pro-
hably arose a real advantage from the relatively high (though
actually low) temperature in the October of 1845. Again, the
lower the temperature, the less important are a continuity and
large amount of rain.

As a general fact it is evident that the amount of the produce
of the turnip is very materially dependent upon the climatic
character of the season, not only as in itself aresource, but as an
essential agent in the appropriative power of the plant, however
liberal and complete may be the supply of constituents within
the soil. Whilst, however, it may frequently happen that the
physical characters of the season may be such as not to render
available to the plant, and at once profitable to the farmer, the
constituents which he has provided by manure, it is evident from
the results which have been given, that, without an ample
manuring, the best adapted season is incapable of yielding an
agricultural amount of turnips. It is to be feared, however, that
it is more frequently the essential condition of artificial aid,
rather than that of natural climatic agency and resource, that is
in defect.

Common usage seems to attribute to the turnip, and green
crops generally, a power of collection from the atmosphere which
is not recognised in our grain-yielding plants; and it may at first
sight appear inconsistent with this view, that the growth of the
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turnip in agricultural quantity should be so essentially dependent
on artificial supply as our results would show to be the case.
There can be no doubt that there is some truth in this current
supposition, but there is little doubt that the power of collection
from the atmosphere very materially depends upon the quantity
and quality of the supply to the soil by manures; in fact, that
upon the judicious and liberal provision of certain constituents
by art we must rest our hopes for atmospheric accumulation.

Having shown, then, that climatic agencies constitute an
important element in the necessary conditions of growth of our
cultivated turnip, and that these are only available when asso-
ciated with an abundant artificial supply of certain constituents,
the question arises—W hat are the substances which it is essential
should thus be provided ? This brings us to the second branch
of our subject, namely, the influence of manuring upon the
growth of the turnip.

Having discussed in some detail the comparative characters of
the first three seasons during which we have been conducting
an extensive series of experiments, under very various yet known
conditions of manuring, we are prepared to consider the results
of those expeviments ; and it is believed that those of them which
were obtained in the three years referred to will amply suffice to
indicate the nature of the necessary supply by manure, and also
to lead to some interesting and important explanations regarding
the true office of the turnip in a course of agricultural cropping,
and the sources of its economic value. We would again remind
our readers that the object of the experiments was not the pro-
duction of large crops, but to learn, by the effects of different and
known conditions of supply. in what respect and to what extent
the plant was dependent upon the resources which must be kept
up by the farmer, and how far he may rely upon the natural yield
of the atmosphere ; for it is the item of source of constituents, as
well as that of quantity and quality, which should influence our
selection of plants and manures under a truly vational and
economic system of agriculture.

The experiments were commenced in the season of 1843, the
early part of which, it will be remembered, was greatly superior
to that of 1844, and equal to that of 1845 in snitableness to the
growth of the turnip ; butin the middle and latter periods it was
inferior to either of the two succeeding seasons. 'The soil was a
somewhat heavy loam, not: well adapted for turnips; but as the
plant is cultivated on such land with admitted advantage for rota-
tion purposes, it was well fitted to answer our special ends. The
previous crops since manure had been wheat, clover, wheat ; so
that in an agricultural point of view the soil might be considered
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as gsomewhat exhausted, and therefore in a favourable condition
for an inquiry into the influence of supply by manuring. The
description of seed was Norfolk Whites. 'The manures and seed
were drilled together on ridges, there being 25 inches between
the rows. The plots allotted to each experiment comprised six
rows, and consisted of about one-third of an acre. The crop was
calculated from weighed quantities taken from measured portions
of land, of about one-eighth of an acre for each lot, and extending
across the series in three different places.

TABLE showing the results of EXPERIMBNTS upon the GROWTH of TURNIPS
by MANURES, at ROTHAMSTED FABM, HERTS.

First Season, 1843.

& . . . o Bulb Bulb
E DESCRIPTION OF MANURES. A‘ :rl“i.:}[;:‘l o pi,r (:;;.‘:u' — lf)ir %m‘%
ﬁ Quantitics expressed in weight per acre. (of Buls|  of pared | ;. DO Acre 2 inp;.m 5
i Eacl lot made up at the rate of 14 | inlbs. | plants with | I tons, ewts., Jquare yard=
3 bushels per acre, with clay and weed- and |1!l'.1'lll'-l'l'.. No, 2as |~ 378 and lbs. “19 360{11 o
- . 3
o ashes. tenths. 1000. TR
T | Tans, ewis, qra, 195, | Tons, cwis, qrey 1bs
1| 12 tons farmyard-dung .. ,. .. .. 136 15,671 | 2262 9 2
2 [ Nomanure .. .. .+ 0o os  we .x 0-52 17,940 | 1000 g 3 g 12 4 9 2 6
3 | 6% cwts. rape-cake .. .. .. .. .. | 108 17,043 1967 4 219 6 2 21
4 | 6} cwts. rape-cake, 2 bushels yeast .. 116 15:467 1926 8 11 1110 02 1
5 | 8 bushels yeast .. .. .. .. .. .. 121 20,240 2622 10 19 2 19|10 9 0 17
6 | 2§ cwts. snperphosphate of lime, 12 1bs. | d
sulphate of ammonia, 4 bushels of yeast | 1553 19,678 | 2796 |11 14 0 2211 9 3 17
7 | 86 1bs. sulphate of ammonia .. .. .. 103 14.996 | 1653 6 18 1 25| 8 18 0 5
8 2}riv£'g_sézﬂgerphosplmte of lime, 33 cth-} 169 | 16,096 | 2894 [12 2 1 21|14 12 0 14
9 | 1} cwt. superphosphate of linie, 53 cwts. . .
.m.pe-cake,. Pl ’ S } 1-52 15,295 2490 10 8 2 5|13 2 2 17
10 3}1‘?L\;Z_sé:]1{lgerphosplulte of lime, 1 cwt.} 168 18,019 | 3042 |12 14 3 G |13 13 0 13
11 | Refuse matter containing much préciI;i.- . 9
tated phosplullte of lime, rape-cake,&c. } T4z | 17,928 | 2734 |11 9 0 5)12 & 1 2
12 | 2§ cwts.superphosphate of lime, 2 cwts. .
| irr-(L[.)e-cake, 201bs, sulphate of a,l,nmonia} 148 17,112§27208 F1IE7ERGE 7|l | S 2R SRR
13 | 1} ewt. superphosphate of lime, 1 cwt. .
rape-cake, 40 1bs. sulphate of an’lmmn’a } i 1681711 2631 1110012 07 g hi2 611 23
14 | 1} ewt. superplinsphate of lime, 3§ cwts. , 9
rape-gike, 10 Ibg sulphate of aimmonia } 123 17,790 {1} 2340 93N L0RaR 25/ i LORLZ g3 RN 2
15 | 3% cwts. superphosphate of lime, 2§ cwts. 4
rape-cake, 20 1bs. sulphate of ammonia ]' Tl 10,0888 (264 1S BRL7ER3 AR [ A2 2R RY
16 | 3% cwtis, superphosphate of lime, 1) cwts. } 1-39 19,975 | 2974 |12 8 0 15|12 0 1 2
phosphate of magnesia-manure oo
17 | 8} cwts. superphosphate of lime, 1501bs.} 1-36 19,228 | 2804 |11 14 3 19|11 16 0 9
phosphate of potass-manure .. ..
18 | 3} cwts. superphosphate of lime, 84 1bs.
phosphate of magnesia, 76 1bs. phos—] 135 19,642 | 2836 |11 17 2 0|11 13 1 12
phate of potass .. .. .. .. ..
19 Af 18, with 30 1bs. sulphate of ammonia 1'49 19,113 | 3046 |12 6 0 13|12 17 2 6
20 | 3} cwts. superphosphate of lime, 14 ewts. .
rape-cake, 16 lbs. sulphate ofﬁmlnlmi.u } 1:68 16,016 | 2860 |11 19 1 2313 13 0 13
#1 | Oubtmt hones decomposed by sulphuric | 148 | 17675 | 2804 |11 14 8 19|12 15 3 9
22 | 4} cwts. superphosphate of lime .. .. 1-47 18,446 | 2908 |12 3 2 8(12 14 0 10
23 | Clay and weed-ashes only, 15 bushels .. 1'32 18,745 | 2660 |11 1 3 21|11 8 0 20

s
The terms superphiosphate of Hme, phosplinte of potass, phosplute of sodn, and phosphate of magnesin
ae founid in this table, nnd others which follow it, nre not to be understood as vepresenting the pure
chemion) snbstances benring those numes,  The eomposts were formed by acting upon ealelued bone-dust
by means of sulphuric acid in the first instanee ; wnd in the ease of the alkaline salts, and the magnesiun
one, neutralising the compound thus abtained, by means of cheap preparations of the respective bases,
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Were we to look at the results of this Table with a purely
agricultural eye, the column of acreage weight of bulb would be
sufficient to gnide our judgment as to the efficiency of the various
manures ; but since the object of the experiments is rather to
provide a key to the requirements of the turnip than to afford exact
examples of manuring, other items than that of the actual acreage
results obtained must be taken into consideration in forming an
estimate respecting the nature of the conditions which cultivation
should be calculated to supply. Manures, indeed, cannot be re-
garded only as containing certain constituents convertible into the
substance of the crops, but also as agents acting beneficially or
otherwise according to the form or combinations in which they
are supplied, and their adaptation to soil and season. Thus it is
known that the casualties and tendencies to disease or prevalence
of insects often prove more destructive to the young turnip-plant
under high farming, when the soil abounds in animal and vege-
table matter, than when it is deficient in such substances; and
the number of plants per acre may by such causes be so greatly
reduced as to show a better acreage yield under bad than under
liberal cultivation. The number of plants per acre must not
therefore be overlooked in considering the results of the Table.
The average weight of bulb may also be taken as to some extent
indicating the relative effects of different conditions of growth.
‘Where we have an increased average weight, as well as a large
number of plants, both agency and supply have been favourable
to the requirements of the plant ; and although the efficiency of
either of them iz dependent on that of the other, it may as a
general fact be assumed that a high number of plants indicates
a favourable condition, and a large average weight a favourable
amount of supply. Bearing in mind these considerations, we have
given in the last column of the Table the estimated acreage yield,
calculated from the actual average weight of bulb, and supposing
a uniform number of plants per acre, namely, 19,360, or 4 in a
square yard. Such an arrangement would give about 124 inches
from plant to plant along the rows, and may be taken as affording
a more just view of the effects of the manures, independently of
the contingencies arising from the manner of their application.

In reference to the results of this first season it must further be
remarked, that the previous course having been wheat, clover,
wheat, the peculiar exhaustion of the soil would be that induced
by corn-cropping ; and if there be any truth in the opinions which
we have given elsewhere on this subject, this would imply a de-
ficiency of nitrogen relatively to other constituents, so far as the
future growth of wheat would be concerned ; and it would appear
from the amounts of produce without manure during the three
seasons, as already given, that in some important respects the con-
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ditions of exhaustion most favourable to an investigation into the
effects of supply for the growth of the turnip, were not so promi-
nent in the fivst season as afterwards, when the unaided yield was
little more than a weed, so that the entire produce nunder manures
could then be attributed either to their agency or their supply.
The following selected results, showing the average weight ot
bulbs and number of plants per acre, yielded by manures which,
compared witheach other,are respectively mineral, nitrogenous, or
carbonaceous, will point to someof the conditions which it is essen-
tial to provide for the healthy and rapid growth of the turnip: —

SELECTED RESULTS.

Number Av_erage
N of Weight of
Irilloost. Description of Manures. P,hX] ts in]%lljlsl.b:nd
L T tenths,
2 NO MANUTS syw  gwwr wws  mwwy s pemws dwww  woed  sww || 17,940 052
3 | 61 cwts. rape-cake 5 e | 17,048 1-08
7 56 1bs. sulphate of ammonia ... ... ... ... .. | 14996 103
16{ 31 cwts. superphosph. lime, 1} cwt. phos. of magn.} 19,975 1-39
Manure ... ... e
17 = - ,» 150 1bs. phos. potassmanure | 19,228 1:36
18{ " . ,» 84 1bs. phos. mag. 75 lbs.} 19,642 1-35
phos. pot. manure
92 *| 4% ewts. _ G e wE me e | 18446 | 147

The figures in the first column show a great destruction of
plants under direct ammoniacal supply, as well as considerable
depreciation where rape-cake was used ; and common experience
teaches us that, however useful rape-cake and ammoniacal salts,
or guanos containing much ammonia, may be as manures for
turnips, substances of their description are never safely applied
near to the seed. Other instances than those quoted above from
the table at page 12 distinctly show the injurious influence of
organic manures when drilled with the seed ; indeed, it may be
laid down as a general rule that, especially for all spring crops,
it is much more safe to apply such matters broadcast, and incor-
porate them well with the soil. The conflicting accounts which
are given of the effects of guano and ammoniacal salts when they
are supplied to spring corn crops, and of these manures and
rape-cake when used for turnips, are, it is believed, mainly attri-
butable to differences in the manner of their application ; and
whilst with a very wet season no injury, or perhaps benefit, may
arise from the use of the manure drill in such cases, by far the
safest course is to sow broadcast.

The second column of the selected results shows for this season
of 1843 a considerable superiority in point of development, as well
a8 number, of surviving plants, under purely mineral by the side
of organic manures ; and, compared with the unmanured plot,

gk
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those having manures only mineral indicate a growth almost
threefold in the same space of time, whilst the actual acreage
amount of produce is in these cases very nearly as great as in
any of the series; indeed, mineral manures alone have nearly
trebled the unaided produce of the soil and season.

These results might almost lead us to question the importance
of organic manuring for the turnip crop, and to assume that a
deficiency in mineral matters was the source of impoverishment
in the case of the soil selected for experiment ; but as we proceed
it will be seen that, however marked may have been the effect of
mineral matters in developing the powers of growth of the plant,
as long as a sufficiency of organic food remained, yet a point of
exhaustion was arrived at when, by a less amount of mineral
matter, if in conjunction with organic supply (especially such as
could yield ¢arbon to the plants), the rapidity of bulb formation
was materially enhanced.

Before leaving these results it is as well to observe, that not-
withstanding the large amount of potass required by the turnip,
the direct supply of that alkali did not give a produce superior
to that by superphosphate of lime. We shall have occasion to
recur to the question, whether part of the effect of the latter
manure is not due to its liberation in the soil of alkalies not
otherwise available to the plant. All we wish to call attention
to at the present is, that there was an abundant amount of alkalies
in this corn-exhausted soil, which could be rendered serviceable
under suitable management.

The next quotations which we shall make from the table (page
12) will serve to illustrate the effect of the artificial supply of
matter for organic formations, aided by certain mineral agency
and constituency :—

SELECTED RESULTS.

Plot Averagel Number
b 0 Description of Manures. weight | of Plants
T of Bulba| per Acre.

8 2;5 cwts, superphosphate of lime, 3% ewts. rape-cake 169 | 16,0696

9 |1t - Bk & i 152 | 15,295

10 33 = | W i 1-68 | 18,009
2 ewts, superphosphate of lime, 2 cwts. rape-cake, ) .

1 L2n 1bs. sulphate of ammonia JL 1-48 | 17,112
13 owt. superphosphate of lime, 1 ewt, rape-cake, ] 2

= 40 1bs. sulphate of ammonian ST } S | Al

14 1} ewt. superphosphate of lime, 32 cwts. rape-cake, |

10 1bs. sulphate of ammonia e S e |, g
83 cwts. superphosphate of lime, 22 cwts. rape-cake, "
20 1bs. sulphate of ammonia ...4 ) | Ao

3% ewts. superphosphate of lime, 84"1'bs.";'>ho.s'f)ha't.(‘z }

—
(=}

—
T
N e e, ey e P,

magnesia, 75 lbs, phosphate of potass, 30 Ibs. sul- 149 | 19,113
phate of ammonia
3% cwts. superphosphate of lime, 1% cwt. rape-cak
9 1T perphosp 0 ¢, 13 cwt. rape-cake, | ]
20 I 16 Ibs. sulphate of ammonin ..." ... .. .. ..Jf s LI
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It may be objected that the average weight of bulbs, as stated
above, is in itself small, and that the differences exhibited are too
slight to be relied upon as showing a result. We would beg to
say, however, that the estimations were taken from the whole of
the bulbs that were weighed in each case, amounting to nearly
2000, and that we believe they may be depended upon for our
present purpose.

Tt will be remembered that with mineral manures alone there
were, on an average, rather more than 19,000 plants per acre,
but a glance at the results just given will show how uniformly the
direct supply by the drill of * organic manures” tended to lessen
the number. Again, it has been seen that the highest average
weight of bulbs (indicating the degree of development) was, by
purely mineral manuves 147 1b,, by sulphate of ammonia 1-08,
and by rape-cake alone 1:08 1b. The fact that these conditions
of manuring, employed singly, fall far short of their effects when
combined, help us to form some judgment as to the point ab
which the one or another class of constituents seems to fail,
either in quantity or in adaptation to the wants of the plant.

Taking the lots 8, 9, and 10, we find the largest number of
plants where the proportion of mineral supply to that of rape-
cake is the greatest, and the smallest number where the rape-cake
is velatively in excess. The weight of bulbs is least where the
mineral matters are most in defect, and greatest where neither
condition was to the other so prominent as in the other two cases.

Again, taking Nos. 12, 13, 14, and 15, in which superphos-
phate of lime was united with both rape-cake and ammoniacal
salt, the largest weight of bulb in the entire series of the season
is found to be in that case where, with a fair supply of each, no
one of the several manures predominated so much as in either of
the three other instances just mentioned.

Were we to place unconditional reliance upon mere supply of
constituents for actual conversion into the substance of the plant,
we should expect that the farmyard-dung would give, in every
respect, the best crop in the series ; bub agency, as distinguished
from mere supply, seems to constitute a most important item,
affecting the development of those truly artificial conditions of
growth which the cultivation of the turnip, for feeding and
manuring purposes, so pre-eminently implies. In the farmyard-
dung we had undoubtedly the largest provision of nitrogenous,
and especially of carbonaceous matter, and it may be supposed
that it also brought to the soil such an abundance of all the
mineral substances as would be contained in a much larger crop
than was produced by it.

The results arranged below will sufficiently prove that, how-
ever liberal the supply of all required constituents, the bealth
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and vigour of: the plant, or its power of appropriating the food
presented fo it, depends upon other cireumstances than the mere

amount of that food.
SELECTED RESULTS.

Plok , Average | Number of
Nos. Description of Manures. Weightof | Plants
Bulb. per Acre.

1 | 12 tons farm-yard dung 1-36 15
g 2% cwts. superphosphate of lime, 33 cwts. rape-cake 169 16,0;(13

15 | 8% cwts. superphosphate of lime, 22 cwts. rape-

cake, 20 lbs, sulphate of ammonia ... ... ... s 15,088
18 | 8% cwts. superphosphate of lime, 84 1bs. phosphate

of magnesia, 75 lbs. phosphate of potass ... ... } 022 e
22 | 43 ewts. superphosphate of lime ... ... .. .. 147 18,446

We see that the farm-yard dung gave a number of surviving
plants nearly as small as any in this series, and very far short of
that obtained by mere mineral, or frequently by mixed mineral
and organic supply. Again, the weight of bulbs is only equal to
the lowest resulting from pure mineral manuring, and inferior to
that in other cases of such manuring. In Nos. 8 and 15, on the
one hand, the amount of supply, especially of matter for organic
formations, was much less than in No. 1, whilst the average weight
of bulb was materially greater. On the other hand, the mineral
supply was in these cases less than in 22; but there being in that
instance no provision by manure of organic matter, the increased
mineral supply was unavailing.

Clay and weed-ashes alone, as in No. 28, are seen to more
than double the unaided produce of the soil and season, to give
a fair number of plants, and an average weight of bulb nearly
three-fourths as great as in any case in the series. This is a
carious result, and indicates that certain mechanical as well as
chemical conditions of soil, in immediate proximity to the young
plant, are essautixfl to a favourable and healthy development of its
organs of collection. We learn, too, that in some important
respects tha. resource of food within the soil itself could not have
lleEr}I‘l solow in this first year as it appears afterwards to have been.

There are other points indicated by the results alveady given
t-!mn those to which we have directed attention ; but as a 0011:
sideration of the experiments of the succeeding years will bring
them before our readers, we need not enter upon them in this place.

Having examined in detail the results of the first year’s experi-
ments, it may be well to reiterate some of the more general and
important facts and conclusions which have been elicited. Tt is
(_.-.Iem'ly.show_n that, under the influence of the same season, and
in a soil which, by corn-cropping, had been brought to that con-
dition of exhaustion which common usage would remedy by the

¢
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growth of turnips or other green crops by means of manure, the
attempt to grow such restorative erop without supplied aid,—that
is, manure,—is quite unavailing. We see that agency as well as
supply is an essential element to be considered in the choice of
manures, and that unless such agency or condition of healthy
function be secured, a liberal provision of the materials of which
the plant is built up may freq uently, to a great extent, be useless
to it. The matters which ave most favourable to the healthy
action and rapid accumulation and assimilation by the tuwrnip,
ave the so called * mineral manures,” under the influence of
which a great regularity of plant and vigorous power of growth
are attained. At any rate, in the soil in question, when in a
condition of agriculiural exhaustion, the supply of potass by direct
manures seems unessential. Butthe direct supply of phosphoric
acid, whether by its reaction upon the soil ora special effect;
upon the young plant, or from a combination of these influences,
seems to enhance the assimilating actions of the turnip to a
degree much beyond what could be attributed to it as a mere
constituent, rather than in some sort an agent also. We shall
recur further on to this interesting subject. .

Of the substances which we may term pure constiluents, “or-
ganic mutters,” and especially such as abound in carbon, must be
supplied for the production of agricultural crops of tu?mp-bulbs.
These manures, as well as those which are chiefly nitrogenous,
shonld never be concentrated near to the plant in its earliest
stages of growth, but only within its reach, when, under the
immediate influence of mineral manures, the young plant has so
far developed its organs of accumulation, and its healthy vigour,
as to be competent to grow faster than the natural atmospheric
and soil resources of nitrogen and carbon enable it to do. These
ave, we conceive, the most prominent indications afforded by the
vesults of this our first season of experimenting upon the culti-
vation of the turnip. As we proceed in our inquiry we shall
see how far they are confirmed by those which succeeded them,
and which we shall now endeavour to detail.

The whole produce, leaf and bulb, of 1843, was carted off the
land. In the second year the manures had some reference to the
condition of soil as affected by the first year’s treatment, and the
same division of the land, and numbering of the plots, were
adopted. The manures were again drilled with the seed, and the
mechanical eulture of the land before and after sowing, the estima-
tion of the crop, and its entire removal, were conducted as before.

The entire series of results of this second season (184:4) are given
in the following Table at one view, but we slml} m:}lce selections
as before, for the convenience of detailed examination.
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TABLE showing the results of EXPERIMENTS on the Growri of TURNIPS by

MANURES at ROTHAMSTED FARM, HuRTS,

Socond Season, 1844,

P A ) / Plot Numbers.

=
(S =

12
13
14
15
16
17
18

19

20

21

22
23

Bulb Bullh
DuscrirrioN oF MANURES. Avarage et ! .
"0 welght (Numbey P87 8C00[ gy [f)e; ‘}mg’
Quantities exprossed in weight peraore. jof Bulbs | of | S0 Ao e
Ench lot mide np at the vate of 14 |'in 1bs. | plants 1\Vlt(‘:t in tons, cwts., Sqmrleny'r,bu_d -
bushels per pare, with clay and weed- tgl?t(})s per acre.y o | ars, and Ibs. 19:360 fmam
ashes. : 1000. acre,
Tonu. ewiae ges, Ibe, | Tans, ewis, qrs. 1hse
12 tons farm-yard Aung .. oo ee e 119 20,096 4875 | 10 1 0|10 15 2 22
Unmanured .. e wn i ww ww 036 13,736 1000 2 41 0 3 2 0 2
T owla ru]:cvnr{ke et }.‘ g . 0-27 5,488 204 ¢ 130 0| 2 6 2 9
4 ewts, superphosphate of lime, § owt, . . )
phosplinio of mnmnnmr =4 i - 092 | 16,758 | 3138 6 82 0] 71 0 3
4 ewte. superphosphite of lime, § ewt. ) .
sulphnte of nmmonin 3o e 087 | 14,256 | 2498 5101 0f7 10 1 15
3 owts, superphosplnte of Hme, 15 Tbs, .
phospluite of nomonis T e I' o 21,632 | 2867 SIRGIR 20 | [[EARL2RTRNT
3 owts, ground apatite .. .. .. . 0 0| 3 5 2 20
3 cwts. mixture of apatite and sul- g .
phuricacid,containing 200 1bs, apatite 071 21,232 3076 6 153 0} 6 2 2 2
As No. 8, with 56 1bs. liydrochloric ucid N .
added ’(Sp‘ e 1125) e . e . 0:80 20,392 | 3320 7 6 2 0| 6 18 1 4
4 cwts. superphosphate of lime, 4 cwts.
1'iL[)C-(‘-}1]?O P g ! T ) b 4L8 13,256 | 8178 v 0" Gw 8 8 8
4 cwts, superphosphate of lime, 4 cwts.
rape-cake, 15 10s. phosphate of am- 129 | 10,320 | 26097 519 0 0|11 2 3 26
1NoniL .. .. .n . .o .. .
5 ewts, superphosphate oflime, Tand dug
6inchesdeep .. .. .. .}. a0 00 e e
4 ewts. superphosphate of lime, 4 cwtis. . . g
rape-cake, 2 ewts. common s:{lb oo ey 2352 45 L 0% o8 P

® w W

5 cwtbs. superphosphate of lime, land
trenclied with the spade 18 in. deep
1 ewt. superphosphate of lime, 4 cwts.
posphate of soda .. .. .. .. ..
1 ewt. superpliosphate of lime, 4 cwts
phosphate of magnesia .. .. .. .
1 cwt. superphosphate of lime, 4 cwts
phosphate of potass .. .. .. ..
2 cwts. superpliosphate of lime, 1 cwt.
each of phosphate of potass, soda, and
magnesia 5d  oorsoo 06 poo 80
Same as No. 18, with 15 1bs. phosphate of
ammonia .. .. .. . .. L
2 cwis. superphosphate of lime, 4 cwts.
rape-cake, 56 1bs, sulphate of anunonia
374 1bs, mixtwre of apatite decomposed
by sulphurie acid, contuining 104 1bz,
sulphuric acid, 270 1bs, apatite.. ..
5 cwts. superphosphate of lime .. .
2 ¢wis. superphosphate of lime, 56 1bs.
sulphate of ammonia, 1% cwis. nitrate
of soda, .. .. .. ..

099 13,360 | 2683 5 18 11

076 19,504 | 3013 G 13
070 21,336 | 3024 6 13

BOow O

066 20,652 | 2775 6 2 5 14

0-68 18,624 | 2672 5 13 2 0| &5 17 2 4

073 20,352 | 3107 6 131 0| 6 6 0 20

. 038 17,864 | 1382 3 1
078 6,832 | 1084 2 73 0| 6 14 3 8

}
f
f
|
} 097 | 20152 | aoes | 8 15
}
!
}
}

081 21,2056 | 360 7 143 0|7 00 1

!
|
} 0-85 18,728 247 7 31 0|7 6 3 20
} (83 10,072 | 1700 3 150 0| 7 1 2 20

On reference to the summary as already given of the climatic
conditions of the turnip seasons of 1843 and 1844, it will be seen,
that in the latter half of the month of July, the low degree of
temperature, the number of rainy days, and the actual amount of
rain, are all most favourable to the early stages of the plant in
1843. Throughout the months of August, September, and Octo-
ber, on the other hand, the conditions of turnip growth, so far as
season is concerned, are more favourable in 1844 than in 1843.

c 2
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A glance at the mean results of the two years will, however,
clearly show that if the climatic influences of the second year were
in the main superior to those of the first, some other circumstances
must be looked for, as accounting for the great falling off in the
development of the plant.

SULECTED AND MEAN RESULTS.

Average Weight| Number of Plants
of Bulbs. per Acre.

Description of Manures. = o —

1843, | 1844. | 1843, 1844,

—_—

PR EE——

No manure 052 | 0-36 | 17,940 13,736

Mean of mineral supply ... «e e ees 139 | 073 | 19,323 | 20,377
027 | 17,043 5,488

Rape-cake ONLY  we e e e e e 1-08
Mean of mixed mineral and organic supply 150 l 097 | 17,230 | 14,774

Tt is here seen, that with a more favourable season, excepting

during the first few weeks, in 1844 than in 1843, we have never-
theless an inferiority of development under every variety of
manuring, and a very marked depreciation in the number of
plants, unless where mineral manures alone were used. The
destructive effects of organic manures, especially in the absence of
rain during the early stages of growth, are here very evident ; and
the maintenance of healthy action, even under these same climatic
circumstances, when purely mineral manures are employed, is
clearly shown. We observe, too, that whilst under the influence
of this defect of rain during the first period of the season, both
the weight of bulbs and number of plants are much less where
vape-cake is used alone than even where no manure at all is pro-
vided, yet the admixture of mineral manures with the organic
gives the best result in the series so far as development is con-
cerned.

That the cause of the depreciation in average weight of bulbs
during this season was, nevertheless, connected with a deficiency
of matter for organic formations, and not of mineral supply, the
following extracted results will show :—
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SELECTED RESULTS.

Plot Average
Nos. Descrviption of Manures. J‘SV ?Lght of
ulb in lbs.
| — and tg:thss.
15 | 1 cwt. superphosphate lime, 4 cwt. phosphate soda manure 076
}'(7; i - " 4 ,, phosphatemagnesia mmnire 070
71z 13 ‘i 1 ph({sphatc potass manure 066
3y eac 1108 i :
and m.agnesia-: ,mmuu'e ” : "‘:,IT‘:O%}Jhatepotassl soda, } 068
19 | As 18, with 15 lbs. phosphate ammonia, ol
29 | 5 cwts. superphosphate lime v ees e ' 8;?
1(5) i 5 - 3 cwt. sulphate ammonia, 0-87
0 i ' - 4 ,, rape-cake ... ... .. ... 1-18
| o ’s 4, 15 1bs. phos. amm. 1-29

Thus, of the purely mineral manures, the superpho i
(No. 22), as in the first year, gives a highergveipghtsrc))?egsl%féllfans
any of those where alkalies are also supplied. The substitution
of 1 cwt. of superphosphate of lime, by half a cwt. of sulphate of
ammonia (see Nos. 22 and 5), raises the weight of bulb from
0-81 to 0°87; by 4 cwts. of rape-cake (No. 10) 0 1-18; and b
;l«hcv;lt_s. }(l)f rape-cake, with 15 1bs, of phosphate of ammonia’, t;o 1"39y
exe; . Il)%e éa.st weight obtained during this season—that by dung not

The farm-yard dung, as in the previous year
to have afforded the most libef')al supp%y o,fmzlﬁt t}])JeeSIII?EIL)’ﬁOtse‘d
necessary for conversion into the substance of the plant ; yet ?IS
find that 4 chts. of superphosphate of lime, with 4 cwts ,og', 2 o
cz.Lke, and 15 lbs. of phosphate of ammonia (No 11.) ivtlp e-
higher average weight of bulb than the farm-yard d;mg g ,t%mt ’bgt
the former being 1-29, and by the latter 1-19. We have (howy
ever, 20,096 plants per acre by farm-yard dung, and onl 10 32(;
by the artificial organic compost. This deﬁcie,ncy of }llant’s is
however, easily accounted for, by the fact that the dlim wlf?
ridged in, and the artificial compost drilled with the seed ; s% th'cusa
gllie lc'llt?fectl; of thamddm‘ing]':l the early stages of the plant ’Whils/t (]'t

ght only retard growth in ’ iti
destmctioz i %ther, the one case, would lead to positive

The very great destruction of plants, as wel
qugh’ﬁ of: bulb, in the case of No. g, whe’re 1';;)83-234?186 ;};gnsr?f .
drilled with the seed, further show the impropriety of appl ias
organic manures near to the seed or young plant, and thgpigegig
ciency of mere supply of constituents if the healtiny develo men;
of the collective apparatus of the plant be not secured g The
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offects of ammoniacal salts, as they have been before degcriba&,
depending upon a proper combination with other cﬂnstatuan‘ts,
are further exhibited in the results of this second year. The
variations in the number of plants and weight of bulbs, in
Nos. 4, b, and 6, and also in the results of these numbers as
compared with those of Nos. 11 and 20 here given, may be
adduced in illustration of this fact. :

SHLECTED RESULTS.

Avernge | Mymler

Welght 3 2
E:: | Desoription of Munurea of Bulbs wit;?

in by,

4 hosphate lime, X ewt. phos hinte nmmonia] 0092 16,768
t1e ctts'wperp, o '%cm.ﬁulpﬁnte o 087 | 14,256
818 4, i 15 1bs. phosphate ,, 065 | 21,632
1 |4 cwta.aupcmhospha-.teﬁme,15lbs,phnsplmteammonm, } 1:29 10,320
£owts. rAPe-CAKE v wie ee e see e sen e
20 | 2 cwts. superphosphate lime, 2 ewt. sulphate ammonia,

4 owts, rape-cake ... e e aee e

1

} 078 | 6,832

Thus there is a slight superiority in No. 4 over No. 5, both in
development and number of plants ; phosphate of ammonia being
ased in the former, and sulphate in the latter. In No. 6, as
compared with the two preceding, the amount of phosphoric
acid is diminished, but in a greater degree that of ammonia,
to which body may be attributed an injurious effect upon the
health of the plant when in excess, or not sufficiently mcorporg.t?d
with the soil, and a beneficial one after not only necessary diffu-
gion has taken place, but the plants themselves have attained
some strength and vigour. As might be expected, then, the
number of plants is greater, though the average weight of bulbs
is loss in No. 6 than in 4 and 5. ] )

Comparing with each other Nos. 6 and 11, in which the
amotmt of ammoniacal galts supplied by manure was identical,
wo find that an inerease of superphosphate of lime by 1 cwt,
and the addition of 4 cwts. of rape-cake (No. 11), whilst they
reduced the number of plants from 14,256 to_10,320 (an effect
certainly not due to the superphosphate of lime), at the same
time raised the average weight of bulb from 065 to 1-29;
showing the benefit of the supply of organic matter in those cases
where it had not proved injurious or destructive to the plants,
and the other conditions were such as to favour their healthy
growth. Again, in No. 20, as compared with No. 11, the
amount of supply by rape-cake is equal; that of ammonia-
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salt much greater; but that of the- imr_mrba.nb constituent and
agent, superphosphate of lime, is d'lmimshed. The result is a
very great depreciation, not only in number of plants, but in
the average weight of bulbs.

We have now given and examined the results of the first two
seasons of our experiments upon the joint effects of climate and
manures on the growth of the turnip bulb; and comparing the
general character of the one season and its results with that of
the other, we see, that although the climatic or vehicular and aceu-
mulative agencies were, during the largest portion of the time of
growth, more favourable in 1844 than in 1843, yet the produce
was, in the main, much inferior under the superior circumstances
of climate. This can only be attributed to deficiency in some
essential agency or supply, apart from those of season alone ; and
since those instances in this season, in which mineral supply
is most liberal, show by the number of plants a degree of healthy
condition, and yet an inferior rate of growth, we conclude that
the soil was exhausted of matter for organic formations. Thab
the defect is carbonaceous rather than nitrogenous, is learnt from
a caveful comparison of the effects of rape-cake and of ammoniacal
salts.

Again, the conclusions elicited by a close examination of this
second year's experiments, are seen to be identical in kind with
those to which we were led by the first year's results; and in
their degree afford even clearer testimony—rather than mere con-
{irmation—on most of the points which had been previously dis-
cussed. Tt isthe less important, however, to give a recapitulation
in this place, as we have yet the entire results of the third
season (1845) to detail ; and, having accomplished that part of
our task, we shall be prepared to give a résumé of the three
years’ series.

The destructive effects of some substances, when applied near
to the seed, led us to sow the manures and the seed separately in
the third year of our experiments. The same division into plots
was observed as previously; but besides the drilled manures,
which, though for the most part mineral, were sown before the
seed, and at a somewhat greater depth, the entire series of plots
was crossed by bands 72 yards in width; these were sown
respectively with rape-cake, ammoniacal salt, and rape-cake and
ammoniacal salt together, a sufficient portion being left having
drilled manuves only. These cross-dressings were sown broad-
cast, before the ridges first drawn out had been split and turned
over, so that there could be little danger of injury to seed and
young plants. By this arrangement of manuring, for each of the
move than 20 conditions of ¢ ash-constituent’ supply, 4 of varying




24 Agricultural Chemistry— Turnips.

resource of matter for organic formations were secured ; so that
the number of experiments was raised to nearly 90.

Tt is to be regretted that,in the first two seasons of our experi-
ments, the acreage produce of leaf, and the relation of leaf to
bulb, were not taken ; as climate and manuring have a marked
influence on the character of the turnip-crop in this respect,
besides that which is known to depend upon the mechanical
qualities of soil. A consideration of the relative and actual
amount of leaf is, moveover, found to be of material importance
in estimating the feeding value, degree of maturity, and probable
vesources of further growth of the plant. All the statement
which we are able to give on this subject in reference to these
two years is, that both the acreage weight of leaf, and the propor-
tion ‘of leaf to bulb, were much greater in 1843 than in 1844 3
there being in the former case a much more liberal provision
of organic matter remaining in the soil, though, at the same
time, a less amount of rain and a higher temperature. The
leaves were weighed in the third year, and so far as the effects
of different conditions of manuring, under the influence of one
and the same season, are concerned, the results obtained are of
some interest.

The results of the third year (1845) are given in five sections
or divisions (pp. 26-30), and, for the convenience of reference
and examination, the statement of the manures is attached to
each of these divisions. The different degrees of maturity
exhibited under the influence of the varying supply for organic
formations, provided by the cross-dressings, led us to weigh some
of the crops at twice, that their progressive changes might be
ascertained. The order of maturity which was observed was as
follows : —

1st. The lengths under drilled manures only (chiefly mineral).

9nd. Those having rape-cake added.

3rd. Those having ammoniacal salt added.

Ath. Those with both rape-cake and ammoniacal salt in addi-
tion to the mineral manures.

The first weighing was taken in December, when the leaves
under mineral supply had considerably drooped and changed
colour ; the rest exhibiting degrees of retained vitality in the
inverse order indicated above. The second weighing was taken
early in January, and three weeks later than the first, as will be
seen on inspection of the tables.
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The plan of the field given above will further show the method i
adopted in .l 845. Inthe twoprevious years each experiment ext(ém;,efdn;?;‘;rrmﬁ
end of the field to the other ; in 1845, bands each of 72 yards down the field, were
sown, by hand, across the rows, respectively, with rape-cake equal to 10 cwts er
acre ; 10 cwts. rape-cake and 3 cwts. sulphate of ammonia; and 3 cwts Of‘SI:ﬂ-
phate of ammonia, : the manures given as drilled manures being thenldrilled
down the entire length of the field. Thus, from 3 to 24 inclusive, each plot of
land forming one experiment in 1843 and 1844 was, in 1845, divided into 4. The
figures represent the same spaces of land each year. For example, No 2 was
unmanured in 1843 and 1844 ; in 1845 one part was unmanured, one was crossed
with rape-cake, onewithrape-cake and ammoniacalsalt, and one \l\*it-hammoniaeal
salt. The plan adopted in 1845 has been continued in 1846 and 1847.
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DIVISION 5.—PROPORTION of LEAF to BuLs; Bulb as 1000.

.
y vstry— Turnips.
Agricultural Chemistry—Turnip
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With such a mass of experimental evi@lance before us, it is
difficult to select a starting-point such as will lead us to the most
natural order of illustration, and the clearest _comprehension
of the most prominent indications an'd concluslops. In many
respects these resultsare most intef'est.mg, confirming as they do
the opinions suggested by those which have preceded them ; and
affording at the same time data, the consideration of which
enables us to determine other important questions than those
already attended to. b
It will be recollected that the statement given of the character
of this third season, compared with that of the second, was, so far
as all the conditions shown to be essential to the vigorous growth
of the turnip were concerned, very much in favour of the one
about to oceupy our attention ; and it is seen that the acreage
produce is pretty uniformly nearly doubled where artificial supply
for organic formations is much the same. It is true that the
number of plants per acre being much greater than heretofore,
some of the actual acreage increase may be attributed to this
cause ; but all we wish to maintain is the general effect of season
upon the growth of the cultivated turnip.
The absolute necessity of a liberal supply of ¢
with the most favourable elimatic circumstances, and under the
influence of the best obser

ved conditions of self-reliance, or col-
lective power depending on mineral supply. is, however,

onstituents, even

_ clearly
proved by the results of the farm-yard dung, the unmanured
plot, and the mean of the purely mineral manures, They are
here given in illustration.
SELECTED RESULTS.
A
- Brib Weight ot i
Description of Manures. Ter Acre, in ]]3[;?11:];3 Plants
tenths, | PeT Acre.
Tons. cwts. qrs. Ibs. B
Unmanured v e 0 13 2 24 011 13,296
Mean by purely mineral supply ... 12 8 2 3 116 23,882
Farm-yard dung ... 17 0 3 ¢ 161 23,731

Thus, in the best suited of the three seasons to which our ex-

periments refer, the unmanured plot gives a

produce of only 13

cwis, per acre, an average weight of bulb under 2 ounces, and a
number of surviving plants little more than half that observed

under conditions of artificial supply. In

other hand, the farm-yar
obtained throughout the

this same season, on the
d dung gives the largest acreage produce
; entire series of seasons and
a weight of bulb higher than any other

experiments,

manure in the same
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number of plants nearly identical with that under
&r‘ne;lr?g:':)zla‘;gn?n'es only. Alé'ain, by mi.nel'a.l supp_iy alone, to whmllll,
indeed, as we have seen, may be attributed an influence upo]?l tte
growth of the plant apart from that which can be traceable x;:'
the mere provision of erop-material, we have as many tons r:;
produce as the unmanured plot gives cwts., a weight of bulb mo.:;e
than ten times as great, and a number of healthy plants nearly
double. By the side of the farm-yard dung, however, which we
presume to contain a sufficiency of all the constituents of a large
crop of turnips (though, excepting under the influence ]of; er;‘]orta-
tinuity of rain and a relatively low temperature, not: calcu ;: . 13110
develop the most healthy conditions of growth), we find fa. ‘s
purely mineral manuring, with a number of plants per ac:els
almost identical, shows a formation of bulb within an equal
period of time little more than two-thirds as great. We shal
presently see that the largest weight of bulb formed in a gw;‘m
time is not to be taken as affording an unconditional index to the
value or promise of the crop ; buf in the instances now c1§.ed it
may, in & pre-eminent degree, be quoted as such ; for we c]no‘_'{v
that whilst the plants under minerals only had, when weig i;ati
arvived ab their full growth, those having farm-yard dung hac
still vitality and resources for further development. )
Before tracing any further the probable source of the '?i.l‘pe;- &
ority of farm-yard over the purely mineral manure, we will refer
to some other of the points which our arrangement of manuring
elucidates. In the two former yems it was observed that,
wherever either ammoniacal salts or rape-cake were drilled wlt.l;
the seed, a great depreciation and irregularity in the number Of
plants per acre resulted ; and it may have appeared to s?me l?
our readers that we have, withont sufficient ground, veferred the
deficiency of plants to the manner of applying these organic
manures ; and that, omitting the indications of the actual acr eag?‘
vesults, our reasonings are fallacious. The following sumrélm y 0
the number of plants obtained, when am_monmcal salts an rape-
cake are sown broadeast and ploughed in, and of that resulting
from the use of mineral manures alone, will show how highly
important it is not only to select a manure such as the .ptl]?nt
requires, but so to apply it as to ensure a beneficial rather than
injurious result. ] ]
m’ll‘ll‘;g uniformity under the various classes of manures in th.m
season, as compared with others,isvery stmkm:g; though, as beffo‘l l;a,
the mineral manures give somewhat the higher number. The
coincidence throughout the entire series of about 90 different com-
binations of manures (see Division 4 of Table, p. 29) is such that,
for the first time, the acreage amount of produce may l:m taken as
a somewhat true measure of the value of the manures. The drilled
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manures, as has already been stated, were this year sown alone
before the seed, yet the detailed results given in Division 4 of the
Table still afford instances of the injurious effect arising from the
proximity to the plant of certain manures, though in so slight a
degree as to be almost immaterial.

SUMMARY.*

Number
Description of Manurcs, of Plants
per Acre.
Mean of mineral manures alone .. I 23,882
= » . with rape-cake ndded W aee 22,596
. . with ammoniacal salt added ... .., .. 23,598
N ' with both rape-cake and ammoniacal salt 22,954

The influence of climatic condition, not only as of itself a source
of constituents, but as rendering available the supplies provided
by the farmer, is strikingly illustrated by the details next quoted,
wherein it is seen that notwithstanding' the comparatively large

number of plants in 1845, which might be supposed to prevent;
individual development, th

_ ere is a marked increase as compared
with 1844.
Number of Plants Avernge Weight
e per Acre. of Bulbs.
Description of Manures,

1844. 1845, | 1844 1_8:15_.

Farm-yard dung .. e e | 20,096 | 28,731 | 1419 | 1-61

Mean of purely mineral manures e wee | 20,377 | 23,882 | 073 | 1-16

average weight of bulb is ver
in 1844, 1In the case of the
supposed to be better than in 184.4.
manures, however, the quant;
the accumulation of or,
entively from atmospheric resources.

results of the one year with those of the
sufficiently prove then the essential influer
for the development of the turnip
quantity ; but the great defect in form
time, under the influence of one and

view of retaining about four to a square yard.or 19,860 u
in this third year was to increase the number to about fi
is equal to 24,200 to the acre, and hence the
given arc much higher than hitherto.

It is here seen that, even with so great a number of plants, the

y considerably higher in 1845 than
dung the supply by manure is not
In the case of the mineral
witities were larger than before; but
ganic constituents must have heen almost
A comparison of the
other, as given above,
1ce of climatic agency
-bulb in full agricultural
ation of bulb within a given
he same season, when a full

* Tt will be remembered that in former years the plants were set ont; with the

pon anacre; the design
ve instead of four, which
actual numbers in the table just

D
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: ; L h
mineral manure only 18 provided, as compar od wit!

I.Il,l'll- (JE Olgﬂllnc “l‘i-tt'er, 51130 ﬂ.‘gﬂln teibchE,S h-ow 1|11]3(‘3Nl'|r1\'55 lll 18
ere he i llbe‘.la‘l ik V151010 Uf E‘.l(}]'x lllﬁ-tl}ﬁiI 1 tlle 50[1, 1f wo
.

would produce the largest crop W

Tt of. _ -
Sm&?‘(ﬁ; ?:g;mtttso already selected from the table do not, however

; tter for
how us whether this required supply by mi;‘]l‘mf::iehggfr*;ﬂ::ts e
sor;;anic formations should be more prli‘(?l.’ll'l;(::i‘“gwg ah-a.l‘l pre;‘aenﬂy
- heat, or earbonaceous. LS PO i il
t-heu"ia?:g -0 Fl::.b before doing so, shall study the effects of varymng
recur 3 M ] : ;
the mineral SUPP'y 1;3; Elfaﬁgi'g; as affected by the amount of free

- o i b i the soil
1113555‘1:?11?(1 E:z.cid., or superphosphate of lime, supplied to
} :

i iven :—
by manures, 18 here give

Average Weight of Bulbs, in 1bs

e —

— Drilled

Dritled Prilled | Manures,

il 10cwis.

aAH & Ao . Tled WManures, | Manures, ) ¢ X

rr| o ot D e prite, | ot ot g nts
k _cake [Satph. Am.) s -
. i ek fpy Ao

per Acre.

S

. .97
3 092 1-10 0-96 0
1bs, caleined bone-dust ;

g 1?}% 1bs. ealcined hpne-('i‘ust-, r{.;ul
hydrochlorie 1n.:;ld = 268 1bs.
sulphuric agich,e  ees eee oo

10 4(}?;111‘1])5, caleined b_nne-_du.qt, and }
131 1bs. sulphuric acid oo oo
400 1bs. calcined b_::ne-glnst-, and

908 1bs. sulphuric aeid ... =

91 | 400 lbs. caleined b_one-g‘.ust, anc ][
400 1bs. sulphurie aoid ...

1-02 1-16 099 0-87

1-18 1-33 1-26 1-10

Mean of theresultsby sulpharicacid

~ine conditions of organic
T oon that, under all the varymng e
= 1lS §?:nu11c1er;ompoaed hone-dust produceg 18T?!‘?]fe§fcrelﬁﬂé e
si1l?pigc:oxnp0ﬁeﬂ. Hydrochloric acid has cause da El: ; g;
gll':eb:nll; where there was no organmc manure, and whe:
or ammoniacal salt only wa
1d rape-cake ofo
18‘;.;3 th]:m by undecomposed bone-dust. But a
sion 2 of the
h larger quar ho ol
muc[;l\ inh{‘ac%, there was more genaml g owi.sh :’0 e it
- ad bone-dust, though bub little tendency g L
E\t:jfe is little doubt thab eventually, if _a.llcmf(; o o 1&;ge55
a‘,ac;aml;nsccﬂ bone-earth would haye given 1

amount of bulb as well as entire plant.

e rape-cake
b ; acal salb

s added ; but where AmmOoNIaca .
loyed tog‘etb:er, the formation of bulb was

o reference to Divi-
Table of collected results will show, however, &

i : stion of hydrochloric acid
ity of leaf under the actio i
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Sulphuric acid, as the decomposing agent, indicates in every
case a considerably more rapid determination to bulb than either
the undecomposed hone-earth or that acted upon by the hydro-
chloric acid ; and, excepting where ammoniacal salt is superadded,
there is a perceptible progression as the amount of acid is in-
creased. Where the ammoniacal salt was used, though the for-
mation of bulb is not greater under an increase of acid, there was
here, as in the case of the hydrochloric acid, a larger development
of leaf.

The effect of an equal amount of superphosphate of lime on
land ploughed in the ordinary way, or which had been dug 9 or
18 inches deep in the previous year, is here shown :—

Average Weight of Bulbs, in 1bs,

i Drilled
K Drilled Drilled Manures,
I:ELO: Laund, how Tilled. Drilled | Manures, | Manures, | and 3 cwts.
1 Manures |and10ewts,| and 3 ewts! Sulph. Am.
only. |Rape-cake |Sulph, Anw| and 10 cwts,
per Acre. | per Acre, | Rape-cake
per Acre,
12 | Land dug 9 inches in 1844 (11
cwts. superphosphate of lime)
14 | Land dug 18 inches in 1844 (11
cwts. superphosphate of lime)
22 | Land only ploughed (11 cwts.
superphosphate of lime)

1-20 1-89 119 107
1-30 1-33 1-30 119

117 | 183 | 106 | 117

Ixcepting in column 2, the rapidity of bulb-formation is
slightly the greatest where the land is deeply trenched, and in
the exceptional case a larger development of leaf was found. The
land dug 9 inches deep also shows a slight superiority over that
which was only ploughed. The differences are not quoted as
offering any adequate advantage for so expensive a process as
spade-digging ; but the facts themselves help to indicate the
character of the conditions required in turnip culture.

We shall next show the rvesult of the yearly supply of allalics,
compared with that from a plot (No. 21) which had been
drained of them by a course of ordinary cropping, succeeded by
the removal of two crops of turnips :—

In the first two columns, where, ag we shall presently show, the
balomee of organic constituents was more favourable to bulb-forma~
tion than in the other cases, we find a greater development of
bulb in an equal period of time by superphosphate of lime alone,
than when the alkalies, either separately or united, were supplied
with it. It is remarkable, too, that in No. 17, where potass was
employed, there is a general inferiority observable. Again, of

the several alkaline conditions, that where potass, soda, and mag-
nesia are used together is the best. The differences exhibited

D 2
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Average Weight of Buibs, in Ibs.

Drilled
Drilled Drilled Mnuu;‘es,
Plot Description of Alkaline Manures (drilled). | prilled | Manures, | Manures, 3 cwbs.

s Manures [andl0ewts and 3 ewbs,| Sulph, Am.

N h. Am.jand 10 cwts.
only. Rape-cake Sulph. .
r 3 er Acre. | Rape-cake
per Aore l v per Acre,

e
91 | 400 Ibs. calcined bone-dust, and 192 141 110 118
400 1bs,: salphurie ac:‘d..é 420
1bs. calcined bone-dust, . ' 1 -
= 40'(1)1)3. sulphurie acid, and 315 111 1-37
1bs. soda ash ..o e e e
16 | 400 Ibs. caleined bm_:tc-t'lust‘.. z?.n l
1bs. sulphuric acid, and 220 ]
1bs, magnesian limestone ...
17 | 400 lbs. caleined lm}le-thusr.. 420 l.
Ibs. sulphurie acid, and 470 I
1bs. pearlash ..o eoe e e
i - 420
400 1bs. caleined bone _dust., . |
- mlhs.aulphuricacid,l():_;!bs.godﬂ. 116 1-33 118 195
ash, 74 1bs. magnesian lime-
stone, and 157 1bs. pearlash...

111 1:35 1-21 1-14

102 127 116 1-13

—
=

. -3 117 1-16
Mean by alkaline supply ... 1-10 1-33 . l

t sate suficient to show that there was no gdyza;ntﬂg:i
doriy riui)y tlhe use of alkaline manuves in this goil, which ha
o b'iclsml to an unusually severe exhaustion of them. "
bﬁ%:l;u{\;e indeed, nniformly observed, not only in 1-‘H-11E;- (*,-1:;.:2 o

ips but of other plants, that by the direct supply of a \5;1 e
e ffoct has resulted in the season of the application, thoug
e din c;'opﬂ have apparently, to a small extemt.,‘ hem}
the E;};cc{ae lhgis our opinion that, in the ordinary cou:l 50 ?-
o the special supply of alkalies to the soil is e.\'ceebmg y
fm‘.m{“gj uisi.t!; —and, if ever it be so, they should never gup-l
1'1'.1 edy___‘;cgu alkaling condition (which seems to be very Exia‘;u '_E?w:-
p 1? -lll'rh vegetation), but always supersaturated by 00ig {s) u‘:n
:‘ljre:-edal‘kgliesbshou]d not be dl'igefl,' ;11)“‘:,1 shm;litll alj.[vr::y tsh@ r; ﬂzz\ i

s ingorporated with the soil. he ¢
hl'oat:lcaSE-, ? mi:la;{?lilq }r.lllfi::lfgobe cavefully attended to; and, in t]e.edl,
Sy Lf,]bslmo}‘;t 1aid down as a general rule, that those manur-
i ; I 1%1111;::1:33 which take their value as 'm.rlzaclconst; 1‘.1'1:?]11;5 :1}3{11?;3
okt (allcal ‘oanic manures), should be well distr Y
o ({mti}?h(;?)i??daﬂlgil‘:;ze which Em-r.her exercise an mﬂuenc‘:e:
thrr?;%l:e hza.\th and vigour of the plant, such as superphosphate
upon M ARG P R | |
° Whe lah{?“}-d’ngi? ghﬁ:ﬁhﬂzilhate of lime owes much of its eﬂ‘ccl‘:
Whe]t }81'0 | actions in the soil, it is certainly true that it Catls?i-_-
bt mnllll'czced development of the underground collective appa-
m:.:;d;'e:h;plaﬂt, especially of lateral and fibrous voot, distri-
rabus
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buting a complete network to a considerable distance around the
plant, and throwing innumerable mouths to the surface. The ex-
tent and direction of the underground range of the turnip are at
the same time very much dependent on the mechanical condition
of the soil ; and it is universally known that #:lth is of the highest
tmportance to the favourable formation of bulb. We know that
the best relation of bulb to leaf, and, in fact, the best acreage
produce of bulbs is in the lighter soils, where there is compara-
tively little obstruction to the development of fibrous root, and it
is in these that the special efficacy of superphosphate of lime has
been most observable. We believe that, if the turnip is to be
valued for its bulb~formation, the aim of our culture must be, not
to increase the aboveground organs of collection (the leaves), but
the wnderground, fibrous roots.

We shall now consider the effects of ¢ organic manures” upon
the production of tarnip-bulb; and the facts that will come before
us will tend to confirm the views just maintained regarding the es-
sential development of rootlet- rather than leaf-accumulation, as a
means of obtaining the turnip in agricultural quantity and quality.

The results collected below will illustrate some of the effects
of “ organic manures ” upon the growth of the turnip :—

Average Weight of Bulbs, in lbs,

Mineral
e a Mineral Mineral Manures,
Deseription of Mincral Manures. Mineval Manures Manures, 10 cwts.

Mannres [and 10 cwts, | and 3 owts. | Rape-cake
only. Rape-cake | Sulph. Am. | and 3 cwts.
per Acre. per Acre. |Sulph. Am,

per Acre.
Mean of entire series of purely R . . .
mineral manures ... ... ... 2 L g 159
Mean of four experiments with ) ! . 5
alkaline supply ... ... .. ... il 133 2 Lt
Mean of three experiments with . . 5 e
superphosphate of lime ... } e LR 18 113

We may explain that the results in the first column were ob-
tained by means of mineral manures alone, and that, the previous
crops having been entirely removed from the land, the organic
supplies must have been chiefly derived from the atmosphere.
The development of lea/ was less in these than in any of the other
cases. Incolumn 2 there was, besides these same mineral man-
ures, 10 cwts. rape-cake, which may be estimated to provide
perhaps 50 1bs. of nitrogen. It was, however, employed in these
experiments as supplying a large amount of carbonaceous matter,
in which it abounds. In the 8rd column the effects are due to
the addition of 3 cwts. of sulphate of ammonia to the mineral
manures. In these cases about 60 Ibs. of nitrogen is supplied,
but no carbon. In the 4th column we have the effects of the
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addition both of the 1‘ape-caké and of the ammoniacal salt to the
standard mineral manure consequently the sapply of nitrogen
by manure would amount to about 110 lbs. per acre.

1t is seen that, whichever mineral condition be taken, the sup-
ply of carbonaceous matter has given the largest bulb. Of the
two mineral series, the acid and the alkaline, the former exhibits
a general superiority in each case, excepting in the 4th column,
where the defect is very trifling. In this case, notwithstanding
there was a carbonaceous supply equal to that in column 2, the

excessive amount of milrogenous matter has prevented & favourable

formation of bulb. These mean results clearly show that carbon-
aceous rather than nitrogenous organic supply is favourable to
bulb~formation, and the fact is confirmed by the following indi-

vidual cases i —
SELECTED RESULTS.

Average Weight of Bulbs, in 1bs.

Drilled

P . Drilled Drilleid Manures
§100; Description of Drilled Manures. Drilled | Manures, | Manuves, | 10 owts,
Manures [l ldewbs. and 3 ewhe| Rape-cake

only. |Rape-cake SBulph, Am.| and 3 cwts.
per Acre. | per Aere, | Sulph, Am.
| per Acre.

18 | Superphosphate of lime, with
potass, soda, and maEnesii ..
19 | As No. 18, and 1 ewt. sulphate
of ammonia ... ... s oo
20 | As No. 18, and 3 cwt. rape-cake

} 116 | 183 | 118 | 125
} 116 | 12t | voz | 109
198 | 140 | 118 | 118

In all these cases the mineral manure was the same, and, in all,
the 2nd column under the cross-dressing of rape-cake shows the
best vesult. Further, looking at each column separately, we find
that No. 20 always gives a heavier bulb than No. 19, and, ex-
cepting under the cross-dressings of ammoniacal salt, than No. 18
also. The amount of the differences is not indeed great; bub
when we remember that the results are calculated from nearly
2000 plants in each case, their uniformity and constancy demand
that reliance should be placed in them. It is clear, then, that
carbonaceous manures aid the development of turnip-bulb. We
shall give one more quotation on this subject :—

Average Weight of Bulbs, in los.

Cross- dCross-l
Cross- 5 ressed
dressed | 010 owts,

1\110 Cross- dressed by 8 owts, | Rone.cake
dressing.
Rape-cake | gmmonin

per Acve. | Loy Acre. Sglglkglen
No drilled manure (third season)... 011 067 007 050

by 10 cwts.
3 Sulphate | ),q°3 owts.

The instances before us are of high inter

est in many points of
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view, but we are not prepaved to consider them fully until we
have detailed the results of an analytical examination of the
crops—a subject which we shall presently enter upon. Resumin
the question in discussion, we see that whilst ammoniacal salts ig
no c_legrea restored fertility to this exhausted soil, rape-cake gave
a six-fold development. In the 4th column, under an equal
amount of rape-cake, we find as usual that the excess of nitro-
genous manure has deteriorated the tendency to bulb formation
exhibited in column 2.

The contrast observed in the effects of ammoniacal salts upon
jvheat and upon turnipsis very remarkable, and affords a strikin
illustration of the widely differing requirements and sources c%'
growth of the corn-exporting “white crops,” and the home-con-
sumed, meat-producing ¢ green” or ‘fallow crops,” of which
zlasses, respectively, the two plants may be considered as the

ypes.

Hitherto we have only considered the effects of organic
manures upon the formation of turnip-bulb, the amount, of which
is thought to determine the value of the crop when cultivated
for feeding and rotation purposes. It has been seen th;,t a
liberal supply of available phosphates and of organic manures
abounding in carbonaceous matter are pre-eminently favourable
to the desived habit of the plant, and that nitrogenous suppl
so essential to the increased growth of corn, is so here onl ‘Eoyz:
very limited extent. Under the influence of a1111no¥1iacal
manures, however, the production of turnip leaf is much en-
hanced, as the following results will show :—

Proportion
ot Leaf to
1000 of
Bulb.:

Deseription of Manures. Bulb per Acre, in Leaf per acre, in

T B 't . NN T g, ";
Mean by purely mineral manures (1n; c“SS qé lb;. 101& C“ZU QBS' ilé);
Mean of mineral manures, with . 326
10 ewts. rpe-cake added } e R T I L 421
Megm) by mineral manures, and
cwts. sulphate of ammonia ¢
Sony mp n.I:. 11 18 1 24 6 156 0 21 559
L‘[cénn by mineral manures, and
cwts, sulphate of ammonia | 12 5 0 1
(second gathering) ... .. e 486
Mean by ]Jll{‘(}l}' mineral man-
ures, and both rape-caker] 11 6
and ammoniacal salt ... .. | e =
Mean by purely mineral man-
ures, and both rape-cake
and nmmoniacal salt(second [
gathering) ... w. oo

12 4 3 6| 6 15 2 16| o554

_ Thus, comparing lines 1 and 8, we find that whilst, by the addi-
tion of ammoniacal salt in the latter case, there is in an equal




40 Agricultural Chemistry—Turnips.

; ime half a ton less of bulb, there is an increase in leaf
f};“%i (;;E)EIS; and, as shown in the Srd colum'n, thra‘ pl‘_oporl'iion of
leaf to bulb is move than half as much again. Taking lines 2
and 5, the addition of ammoniacal salt, as in 5, gives nearly 2 tons
less bulb, but nearly 2 tons more leaf, the proportion of leaf to
bulb being again increased by one-half. The gross produce is
seen, therefore, to be greater in one of these cases, and as great
in the other, under the addition of ammomacal_ salts.. We lzlzwe
before remarked, however, that whilst at the time of gathering,
the crops by mineral manures alone, as in line 1, 119(1 pl'nbabl}{
more than fully arrived at maturity—the leaves having droopec
and changed colour—those under rape-cake addition only had
but just attained full growth, and those having ammoniacal salts,
as in lines 3 and 5, evidently possessed yet unexhausted vitality,
especially in No. 5, the case where rape-cake was also supplied.
Tt might be supposed, therefore, that in due course bulbuusrde—
velopment would succeed as the increased leaves drooped. The
results of the second gathering, taken when the leaves nunder am-
moniacal salt without rape-cake had considerably fallen (those
with it being still vigorous), show this to have been the case to a
greater or less degree. A comparison of lines 8 and 4 showsan
increase of bulb in three weeks of 7 cwts., at the expense of 19
ewts. of fresh weight of leaf. On the other hand, line 6 givesan
increase in the same period of 18} cwts. of bulb, at the expense
of only 14 cwts. of fresh leaf. Under a.Enn.mm'acal salts azlone
there had therefore been an actual depreciation in fresh weight,
indicating at least a loss of vitality, though there was probably
no real loss of solid matter. Where there was rape-cake also,
however, we find an actual gain in gross weight, and we had un-
doubtedly a vitality and resource of growth still unexhausted.
Comparing line 4 with line 1, the latter has sfill the largest
weight of bulb; and comparing line 6 with line 2, the former is
still & ton in advance. Were we to admitb, hUWG\tBI', that 1f the

crops could have been taken each ab the stage of its best yield of
bulb, there would have been a slight superiority under the nitro-
genous manuring, the quantity yielding the effect in these in-
stances could in no form have been economically obtained, even
%o there no other objection fo its use.
weﬁ; :ﬂ'c-mt-s of an exé]ess of nitrogen in tending to an unprofit-
able habit of the plant are further exhibited in page 41:—

Tt is here seen that whilst farm-yard dung, itself containing
some nitrogen, and certainly a very full allowance of carbonaceous
matter, gives 17 tons of bulb, we have more than 2 tons less bulb
when ammoniacal salt is superadded ; but there are at the same
time 8 tons more leaf than by dung alone. The 3rd column
shows that the actual size of bulb, as well as its acreage produce,
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TProportion

Avecrage SURHG
Bulb per Acre, in Leaf per Acve, in | Weight of Qisreniito

A 1000 of
Bulbs. Bulb.

Tong cwts. qrs. 1bs. [Tong cwts. qrs. Ibs.

12tonsfarm-yarddwg | 17 0 8 6| 7 7 3 2 1-61 433

12 tonsfarm-yd, dung, 1
and 3 cwts. sul-

14 18 3 12|10 8 3 12 145 700
phate of ammonia . J

was less, under the excessive supply of nitrogen ; the 4th, that
under the same circumstances the proportion of leaf to bulb was
increased by more than one-half. So far as supply of constituents
is concerned, we could select from the series of experiments
several instances where we may reasonably suppose that every
constituent, excepting carbon, existed more fully in quantity and
more favourably in combination than in the dung, yet with its
larger carbonaceous supply to the root we get the largest crop of
bulb in the series. The excess of nitrogenous manure, however,
is seen greatly to enhance the leaf-forming tendencies of the
plant, which it is true may probably aid carbonic acid accumu-
lation from the atmosphere, but at the same time gives a less
profitable appropriation of the resonrces within the soil ; and we
shall afterwards see it to be by no means clear that there is with
a large production of leaf a proportional gain of nitrogen from
the atmosphere.

Admitting, then, that the organic manure required for the
growth of turnip-bulbs should be carbonaceous rather than nitro-
genous, there is still evidence that, under the influence of a due
provision of nitrogen, the vitality or longevity of the plant is
greatly increased ; and since the turnip erop is required to brave
the winfer frosts, an early and perfect ripening, such as would be
induced by a defect of nitrogen relatively to carbon, whilst it
might be coincident with a more rapid bulb formation, would by
no means be a desideratum. We believe, however, that in the
ordinary course of farming, the special supply of nitrogen to the
turnip crop, by means of artificial manures, is seldom if ever
necessary ; for there is no ample source of available carbon which
does not provide at the same time a considerable amount of
nitrogen. As, therefore, in the case of wheat, we need not study
the supply of carbonaceous manures, so, in the case of turnips, it
comes to be unnecessary to devote special care to the provision of
nitrogen. In the one case the means adopted specially to secure
nitrogen to the soil, brings with it enough of carbon ; and in the
other the peculiarly carbonaceous manures are associated with
sufficient nitrogen.

We have argued that for the growth of turnip-lbulb a soil is
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required in such a mechanical condition as shall render if easily
permeable to the atmosphers and to the fibrous roots of the
plants,—that healthy action and a tendency to development of
very extended underground collective apparatus should be in-
duced by the use of the so-called ¢ mineral manures,” these never
being in an alkaline state, and always containing a considerable
quantity of phosphoric acid easily available to the plant,—that
after the early stages of the plant are passed, its rapidiby of growth
depends upon an abundant provision én the soil of constituents for
organic formations, especially of carbon,—that nitrogen must be
provided by cultivation, though seldom by special manures,—
and lastly, that all these requisites being provided by the farmer,
the degree in which his efforts will be availing depends essentially
upon certain climatic conditions, comprising a considerable con-
tinaity and amount of rain, as a means of taking up the stores
of the soil, keeping up a vigorous circulation in the plant, and
supplying the dissolved gases of the atmosphere.

These conditions compared with those which are required in
the culture of wheat are opposed to one another in almost every
particular, but as we proceed we shall see, that of the observed
differences much is doubtless due to the essential distinctions
between the tendencies of the natural families to which the plants
belong ; yet much of it is also attributable to the fact, that in the
case of the turnip it is not the seed that is the object of our
culture, but a monstrous accumulation which could only take
place under a somewhat unnatural or artificial balance of the
constituents of supplied food, and under such a condition of
climate as should be adverse to seed-forming.

It is known that where the turnip is grown for its natural seed-
product, oil, a heavier soil, richer manuring, and, during a con-
siderable period of the growth of the plant, a much higher
temperature, are required than when the bulb is to be produced.
Under these circumstances there will be much less fibrous root
thrown up to the surface,—theroot is scarcely bulbous, but fusi-
form, tapping rather than spreading laterally; the leaves and
stem are much larger, both actually and proportionally to the
root, and the organic manures should contain more nitrogen and
less carbon. Were we then to cultivate the turnip for its most
natural products, the treatment it would require would much
more nearly approach that adapted for wheat than at present;
the deviations from it now observed, and which have been referred
too exclusively to the natural specialities of the plants, would be
greatly lessened, and the character of the plant asa ¢ fullow crop ®
would be lost. It is no objection to this assumption that in
selecting plants to transplant for seed from which to grow bulb,
those having the most symmetrical bulb are chosen rather than
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such as are more fusiform, and betray a more abundant seed-
forming habit—in this case it is not the most abundant natural
seed that is the object of culture, but a seed having a special
habit of growth, which habit it is wished to propagate.

There being an evident understood subserviency of the leaf of
the turnip to the bulb, and a sort of succession in the order of
maturation of these different organs, the latter not being perfected
until the former has lost much of its succulence and vigour ; this
fact, and the special conformation of the plant, as hefore adverted
to, have, in theory, led to an appreciation of forcing a large
amount of leaf, which is not consistent either with the full
efficiency of the conditions which our researches show to favour
bulb-formation, with the character of the soils best suited to the
growth of the turnip-bulb, or that of the plant which is most
approved by the practical agriculturist. It is true that rela-
tively to wheat and many other plants, the turnip exhibits a large
surface of succulent leaf, which it is admitted indicates a greater
reliance in one way or other upon the atmosphere ; yet all expe-
rience, when judging not between the turnip and other plants,
but between one turnip and another turnip, values the one in
which the proportion of leaf is least and the tendency to bulb the
greatest. The description of soil which is called a turnip-soil,
again, is just that which is best adapted to formation of fibrous
root, and that which always yields a proportionally small amount
of leaf. Moreover, the soils which yield the largest amount of
leaf are known not only by their general mechanical condition,
but by their comparative richness in nitrogen, to be exactly those
in which the results of our experiments would lead ns to anticipate
that the leaf-forming tendency would predominate. In these too,
as compared with the lighter ones, an excess of nitrogen in the
manure is the more likely to give an undesirable development, for
in the latter any increased vigour of growth arising from nitro-
genous agency may more easily extend the underground organs
and determine to bulb-formation than in the formenr.

We have now given a history of our experiments upon turnip
culture during the first three seasons of their course, so far as the
conduct of them in the field is concerned, though none, as yet,
of the results obtained in the two succeeding seasons, the last of
which is now drawing to a close. Details of this kind having,
however, already taken up much space, and sufficed, we hope, to
elucidate some established rules of practice, we shall defer until
a future occasion a further consideration of this branch of our
evidence, and enter at once into an account of our researches in
the laboratory, as tending not only to confirm or confute con-
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clusions otherwise arrived at, but as opening out points of interest,
both in science and in practice, not hitherto brought to view. |

The atmosphere and the virgin soil being originally the exclu-
sive sonrces, the former of the *“ organic,” and the latter of the
“ inorgamic” or ““mineral” constituents of plants, it has bl?ﬂll sup-
posed that the amount of produce which a given space of ground
would yield must depend upon its richness in those substances
proper to itself, namely, the mineral constituents ; and that these
being supplied in full quantity, according to the indications of the
analyses of the ashes of the crops it is wished to grow, the atmos-
phere would always prove an ample available resource for the
more peculiarly vegetable matters. It will be readily understood
that on such a view as this, economy in agriculture would be
attained by a very different course of practice from that required
were it to be shown that cultivation should effect an artificial
accumulation in the soil of those constituents primarily derived
from the atmosphere, rather than of such as more especially
belong to its own constitution. _

The theory referred to has led to the analysis of the ashes of a
great many agricultural erops, and upon the data thus obtained
(vather than upon a consideration of the requirements actually
induced by an artificially enhanced vegetation, or of the real
source and destination of the constituents under a course of prac-
tical agriculture), recommendations to the agriculburist have been
founded, the validity of which it was desirable should be tested
by actual experiment, as well as by the presumed dictates of ex-
perience. The field results which we have detailed, both upon
the subjects of wheat and of turnips, ave unfavourable to these
opinions and recommendations, and analysis will be found to bear
testimony in the same direction.

A Jmowledge of the composition of our crops, as affected by
cliniate and cultivation, is however of great importance, not only
as showing what are the sources which must be relied upon for
the various constituents, but as assisting a judgment of the feed-
ing value of the produce, and of the economy of the means to the
adoption of which the variations in composition may be traced.
It is more especially with a view to these points of interest that
our results have been sought, and that their bearings will be now
considered. )

In the course of an analytical examination of an agricultural
specimen, the first steps are to determine the percentages re-
spectively of dry vegetable substance and of mineral matters. Tor
this purpose a known weight: of the produce is exposed for a
length of time to such a temperature as will only expel all the
water it contains; a portion is then burnt to an ash, which is
presumed to retain all the ““mineral,” but none of the “vegetable,
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substances of the specimen, the latter having been consumed and
vaporized by the burning process. The knowledge which these
simple experiments may afford is never to be overlooked in con-
sidering the composition of an agricultural product, and estimat-
ing its probable value, or the economy of the manuring, or
other means which have been employed in its growth. A judg-
ment formed thus alone, however, of the comparative characters
of different specimens would be fallacious, owing chiefly to the
facts that the dry matter of different specimens of the same kind
of plant may differ much in composition, and that a very large
proportion of our agricultural produce is not allowed to ripen its
seed and attain a somewhat fixed condition of dryness not
materially affected by collection, storing, and transmission, but
is taken whilst the vital circulation of the plant is still proceeding
with considerable vigour, causing, long after removal from the
land, a rapid exhalation of watery vapour, tending very much to
mislead as to the amount of dry matter really contained in the
substance under examination. Unless, then, a series of such
specimens—the comparative characters of which are to be esti-
mated—Dbe treated in every respect similarly, as to time of
gathering, weighing, &c., serious errors must occur.

‘When ultimate ripened products are the subjects of examina-
tion, there is little diffienlty in conducting a series of drying ex-
periments, so that the results shall be true indications of the
differences really dependent on climate and culture; and although
in such cases the range of variation in the amount of dvy matter
is small, yet the variations themselves are very significant, be-
speaking at once the conditions of growth, and, within certain
limits, the probable qualities of the products. '

There can be little doubt that, after reliable standards have
been fixed, a knowledge of the true undoubted percentage of dry
matter in specimens of green produce also might materially aid
our judgment of their other characters; but, as yet, neither have
we these standards, nor are the methods of different experimenters
so uniform that their results can compare one with another. So
little, indeed, is really fixed and generally admitted regarding
both the methods of and the proper inferences from such experi-
ments, that the results of the same operator will, in his own view,
be the more doubted the more he learns of the lesson they are
caleulated to teach; and before there can be any common argu-
ment or comparison conducted on such subjects, there must be
some uniformity of method agreed upon. In illustration of this
necessity one or two experiments only are needed.

A quantity of turnip leaves were taken direct from the field
to a barn about sunset, and were immediately weighed into lots
of 25 and 50 oz. each. These bundles were laid upon straw, and
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on re-weighing the following morning were found to have lost
more than 6 per cent. If theleaves gathered in the evening had
not been weighed for drying until the following morning, an error
of 1 per cent. or more in the estimastion of dry matter would thus
have arisen. We have elsewhere stated that 100 oz. specimens
of green wheat-plant lost invariably from 7 to 9 per cent. during
the process of separating from each other the leaves, the ear, and
the stem, although two persons were employed in the operation.

Again, five turnips, with their leaves, were found to weigh as
soon as gathered 16 1bs. 44 oz.; after exposure two days and
nights upon straw, under cover, they weighed 15 Ibs. 5§ oz.;
and after three days and nights more, 14 1bs. 8% oz. Thus, if
after being gathered 48 hours, 100 oz. had been taken for a
drying experiment, it would have been equivalent to 106 oz. of
fresh plant; and if after five days, to 112 oz. Five plants were
next taken, and the leaves cut off, leaving, perhaps, two inches of
stem upon the bulbs. The turnips, thus freed of their leaves,
weighed 12 Ibs. 8% oz. ; after 48 hours on straw, under cover,
12 lbs. 4% oz.; and after 3 days more, 11 lbs. 8% oz. In this
case, 100 oz. taken after being gathered 48 hours would have
represented 102 oz. fresh bulb ; and after 5 days, 106 oz. These
turnip experiments were made in cold October weather ; but the
amount of loss sustained would of course depend much upon
the vigour of growth of the plant, upon the state of the weather
ab the time, and the temperature of the place where the plants
were kept. '

Tt is evident, then, that very serlous errors may arise when
specimens are received from a distance, or even when they are
not, unless special precautions be taken, according to the natuve
of the produce under examination. Indeed it is exceedingly
diffieult when fully aware of these circumstances, so to conduct
an extensive series of comparative experiments on green or suc-
culent substances as to obtain results which shall be both actunally
and relatively to each other open to no objection.

When, in the experiments quoted above, bulbs with the leaves,
or the leaves alone are taken, the loss is seen to be much greater
than when the bulbs alone are operated upon. This is what
might have been anticipated, and shows clearly that the effect is
due to the continuance of the natural circulatory processes of the
leaves after removal from the land.

In operating upon bulbs or roots which are in contact with the
soil, we meet with a difficulty of another kind. In such cases
there is always a quantity of soil adhering to the specimens,
which, if not removed, will affect to some extent the determination
of dry matter, and still more seriously that of the mineral matter.
A single bulb may be cleaned sufficiently by careful picking and
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wiping, but an extended series of determinations cannot be con-
ducted under equal circumstances and with the necessary despatch
without washing, by which soluble substances may to some extent
be removed, or an absorption of water may take place. With
the view of ascertaining the degree of error to which the washing
of bulbs for drying and burning may lead, six lots, consisting
each of five turnips, were faken, and the leaves were cut off,
leaving a sufficient handle ; three of the lots were carefully cleaned
without the use of water, the other three being scrubbed with
a brush in water, in which they were allowed to remain for ten
minutes or a quarter of an hour ; they were then taken out, rubbed
dry with a cloth, sliced, and weighed. After exposure to a tem-
perature of 212° for a sufficient time, the percentages of dry
matter were as under :—

Withont Witl

Lol w::sllfllllg. \vasl:in1 g,
1 8:36 796
2 803 779
3 764 7-30
Average 801 768

There was evidently some difference in the specimens them-
selves, but the washing process gives in the main a less per-
centage of dry matter than the other. Without washing there
must always be expected a small excess, and with it a slight de-
ficiency. 1In the particular instances quoted the deficiency was
likely to be greater than in the usual conduct of the process, as
the operation was purposely rather prolonged, that the extreme
effects might be ascertained. Itis admitted, however, that wash-
ing is an objectionable procedure ; but when drying and burning
experiments are conducted on an extended scale, the results will
be more uniform in character and more comparable one with
another than were any other method adopted, as all such either
take up so much time that the specimens must, with the risk of
change of weather, be collected at different times, or so many
persons must be employed that the desirable surveillance is
impracticable.

Having given thus far some general statement as to the manner
in which our drying results have been obtained, those of our
readers who understand such matters will be able to decide for
what purposes our figures may be relied upon, and wherein they
ave likely to be wide of the exact truth. Tor ourselves, we are of
opinion that, taken in series rather than individually, they may be
trusted in discussing any points with which our general knowledge
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of such subjects will lead us to deal, and that they very closely
represent the exact facts.

The following dry-matter results (p. 49) refer only to the pro-
duce of the third year'’s experiments (season 1845). The entire
geries is tabulated.

Were we to consider each of these results seriatim, with & view
to trace the variations in the produce to variations in the compo-
sition of the mineral or of the organic manures, we should find nu-
merous exceptions to any generalization to which we might thus
be led.  When we look, however, at extreme instances, or ab
series strictly comparable one with another, we cannot fail to
see some undoubted general connexion between the amount
of dry matter on the one hand, and such chavacter or sbage
of growth as we have already observed to result from certain con-
ditions of manuring on the other. We must be careful, however,
to bear in mind the nature of the substances on which we have
been operating, and the various circumstances which have been
pointed out as tending to vitiate the legitimacy of any compari-
sons; otherwise we may place undue reliance on single results,
or, finding these discrepant with others, come fo the conclusion
that we have no lesson taught us by so extensive and laborious
a course of experiments. With our present limited knowledge,
it, is, moreover, desirable to exercise great caution in applying
to practice the indications of results of this kind.

Tt must be remembered, then, that the turnip plant cultivated
as food for stock it gathered at mo well-defined stage of its
growth, buf whilst containing a vast amount of circulating fluid,
the proportion and concentration of which is subject to constant
vaviation under the influence of the still active vital processes of
the plant, the varying stores of moisture and of food presented
to the roots, and the circumstances of temperature, light, and
moisture of the atmosphere, to which the leaves are exposed.
Tn fact, we might liken the growing turnip to an animal whose
gross composition would vary according to his resources of food
and drink, and the condition of exhaustion or waste to which he
is exposed. At one time his stomach and blood-vessels are full,
and at another their contents bear a much lessened relation to

the more fixed portion of the body.

The water existing in the Norfolk-white turnip-bulb is seen to
constitute more than nine-tenths of its entire weight ; and if it
should appear that the proportion varies according to the stage of
growth, it will be admitted that the degree of maturity of a suc-
calent; plant which is to be the subject of a drying experiment,
must be regarded, in deciding its probable yield of solid food, as
resulting from various manures; for if the amount of water is
found to decrease accordingly as the plant matures, that one which
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after an equal period of growth is found to contain most water
would, conditionally, indicate a more extended further growth,and
the manure under which it had grown might be better rather than
worse than that to which the more solid turnip owed its character.
Again ; a series of plots under different manures, though they
will be characterized by an undoubted difference in the stage of
maturity of the plant, will each within itself exhibit a wide range
of variation in this respect, and it is impracticable to gather spe-
cimens which shall certainly and exactly represent the characters
induced by the manuring of the plots. Inour experiments, from
ten to twenty plants of average size, and which appear to be sound
and firm, ave selected from each plot, and from these, when
washed and sliced, a weighed quantity is taken ; in some cases
100 oz., and in some 150 oz. ; in some more, and in some less.
The results given in the table were obtained from specimen lots
of 150 oz. each, and the soil, season, variety of turnip, and time
of sowing and gathering, were the same throughout.*

From these remarks, our readers will be able to judge for
themselves whether too much or too little is based upon our re-
sults. We feel, however, that it will be much more conducive to
the interests of agriculture that the error should be in the latter
rather than in the former direction.

The following mean results exhibit the general bearings of the
experiments more clearly and safely than individual selections
would do :—

Dry Matter, per cent.

Drilled

e . Drilled Drilled Manurces,
Description of Drilled Manures. Drilled | Manures, | Manures, | and Top-
Manures | and Top- and Top- | dressing of

only. |dressingoff dressing of | Rape-cake
Rape-eake.| Amm. Salt. |and Amm,

Sult.
Mean of 13 pu;t‘a_l-y.mineral manures... 834 797 741 748 i
Moo of  expaimpal wich ol g5 | 190 | 7ar | s
Mean ot § expelmasic with ey gop | 7ar | 10 | 7ab

These means show a striking uniformity in the amount of dry
matter in each column taken separately,—that is, under the influ-
ence of various mineral manures, but a like resource for organic
formations. Comparing column with column, however, we find
a difference which, though not actually great, must be admitted
to have some meaning, when we bear in mind the uniformity
within the columns themselves. Were we to compare these
"% The conditions of mzmurin_g alone ;ve;e'diﬁerent, and we may therefore

rely upon the general indications of the cxperiments, so far as the effects of
manures are concerned.
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effects of organic supply upon the percentage of dry matter with
those of the same conditions upon the average acreage produce, no
correspondence, either dirvect or inverse, would be clearly defined ;
for we see in the table just given a pretty uniform depreciati'on’
from the first column to the third, and the fourth is not, wide of
the third, but the acreage amounts of produce were as undep -

AVERAGE Acrcage Produce of Bulb, in tons, cwts., qrs., and lbg

Drilled Mlnmu'es, Drilled Manures, Drilled Manures,
. ! i, anc and A Wil i g
Drilled Manuves only. Top-dressing of Top-dressing of nu}l{::;:!-]t;xllﬁslﬂg of
Rape-cake. Amm, Salt. Amm. Sult.
Tons, cwts. qus. 1bs, Tons. cwts. qrs. 1bs, Tons., cwts, qus. 1bs. Tons, ewts. qrs, 1bs,
12 8 2 3 13 4+ 2 2 11 18 1 24 1 6 1 11

We have before stated, that at the time of the first gathering
of the crops, a short time prior to which the specimens for
analysis were taken, the plants growing by purely mineral
manures were very markedly the ripest, their leaves having
much drooped ; next in order, in this respect, came those having
rape-cake in addition ; then those having sulphate of ammonia ;
ra‘nd, lastly, those with both rape-cake and ammoniacal salt,
The proportion of leaf to bulb at the time of weighing shows
this to some extent. It was as under :— i

. Drilled
. Drilled Drilled Maniires
Drilled Alanures, Manures, and Top
Alannres m!d'TOIL and Top- | dressing of
only. dressing of | dressing of | Rape-cake

Rape-cake. | Amm. Salt. |and Amm,
Salt.

Proportion of leaf to 1000 of Lulb 326 421 559 669
Mean percentage of dry matter.., 8:34 97 741 - 748 i

~ We have, then, the largest amount of dry matter with the
ripest bulb and poorest supply of organic manure, very nemﬂ
the smallest amonnt of dry matter with the plants least advanced
to the point of heaviest bulb, but which had the largest stores
of food in the soil, and probably the prospect of the longest life
and fullest eventual growth, at least of entire plant, if not of
bulb itself. The second weighing of the crops did indeed show
in this case an increase in bulb and a decline in the proportion
of leaf to bulb. Here, then, the influence of manures is in-
direct ; for the proportion of dry matter is seen to be mainlv
dependent upon the degree of maturity of the plant,—and that
this is affected by manures has been already shown ,7 and since
the largest proportion of dry matter may show an early advanced

2
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stage of maturity, frequently arising from an exhaustion of the
materials of growth, it may in fact bespeak the worst manuring
condition, all other circumstances being equal. It is evident
then, that, even supposing the percentage of dry matter to be an
unconditional measure of the feeding value of any particular spe-
cimens, no comparison could be drawn respecting the efficiency
of the manures by which they were grown, unless every other
condition, whether of season, soil, maturity, or variety, were con-
sidered in their influence ; and then, indeed, the effects of the
manuves may be due to a forcing rather than to a supporting
power. We shall have farther proof, however, that the amount
of water existing in the turnip depends upon the proportion of
circulatory to the move fixed matter, and that as the plant
matures that of the former diminishes and that of the latter
increases ; and it will also be seen that equal weights of dry
matter may differ very greatly in probable nutvitive value.

Before leaving the results of the table, we may observe that by
this series of nearly 100 different manures, the utmost variation in
the proportion of dry matter in the Norfolk-white turnip-bulb
is, after an equal period of time, 2:65, or about 2} per cent.,
notwithstanding that there was a vast difference in the stage of
maturity of the plants; and it is thought that if the specimens
could have been taken each at the point of its fullest growth, the
variation strictly dependent on manures would have been much
less. The highest percentage of dry matter in the entirve series
is 9-8,——all the rest are below 9, more than half below 8, and
several below 7 ; the limit of difference, even under the actual
circumstances, is, however, in by far the larger number of cases
within 1 per cent. Boussingault gives 7-58 per cent., which
agrees pretty well with our determinations, the mean of which is
7:83 ; other observers having found a range in the proporfion of
dry matter of the turnip-bulb from this amount to nearly double,
have attributed much of the variation to fhe conditions of man-
uring ; but the foregoing facts, in conjunction with those we
shall now state, will show that no judgment of the effects of
manures in this respect can be formed unless the experiments
are made with the same variety of the plant.

The specimens here referred to were grown in different fields,
and by different manures, and several of them in the ordinary
course of the farm. The 90 lots of experimental Norfolk-whites
give a number for the mean percentage of dry matter identical
with that found under farm-yard dung, and their extreme varia-
tion is 2:65. - The two specimens of green common turnips show
the same amount of dry matter with a difference of manuring.
The various swedes again differ considerably from one another,
yeb in & greater degree from the common turnips. The extreme
variation in the entire series quoted is from 6:65 in the Norfoll-
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Fereentage
of Dry
Description of Twrnips. Matter in
Tuornip
Dulbs.
Norfolk White (lowest of experimental sevies) ... ... .. .. | 605
. »  (highest of experimental series) ... ... .. .. | 9-30
' ,»  (mean of experimental series) 783
,, ,, by farm-yard dung in experimental serics ... .., 783
Green cominon turnip, by farm-yard dung ... ... .. .. ... 794
. D by superphosphate of lime cee wwe wes 794
Swede, Skirving’s green top Ve e ess e ees eve ek (e 904
» " Purple top ... . e e e e wme wws 961
,» purple top (old variety, name unknown) ... ... .. ... 1225

whites to 12:25 in the purple-topped swede, or move than 5} per
cent. ; but there is little doubt that it is dependent on the variety
of plant, rather than upon any effects of manure or culturve.

As a general inference from our results, we may state that the
mineral and carbonaceous manures, which we have before seen to
favour bulb-formation,-—that is, to determine to an early maturity,
are those which in a given time will yield the largest percentage
of dry matter in the bulb ; but nitrogenous manures, on the other
hand, which when in excess do not enhance bulb-formation (a
process of deposition), but rather an extension of the leaf or more
vascular system of the plant, involving a prolonged tendency to
active circulation, and consequently a higher amount of vehicular
watery fluid in proportion to fixed substance, will afford a smaller
percentage of dry matter in the produced bulb.

Were we, assuming bulb-formation to succeed leaf-formation,
to judge from some analogy furnished by other plants, we might
expect that the eavlier organ, the leaf, would contain a less per-
centage of dry matter than the later one, the bulb ; but inasmuch
ag the dry matter is frequently about twice as great in the former
as in the latter, any such reasoning would imply a wrong con-
ception of the physiological relationship of the two organs.

We regret that the entire series of leaves of this 3rd year of
our experiments was not collected for drying, and that indeed
none were taken until after the first weighing of the crops, a few
weeks later than the specimen-bulbs were gathered. We shall
not, therefore, employ the results for any more important purpose
than to show how far the effects of manures are the same in
kind as in the case of the bulbs, determining to the depositing
or to the more circulatory tendencies of growth.

Here again we find no considerable variation, yet suflicient in
amount and in uniformity to render the mean results reliable for
our present purpose. The plants by mineral manures alone, in
the first column, which were the furthest advanced in maturation
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PERCENTAGE of Dry Matter in Norfolk White Turnip Leaf.

“ Drilled
E Drilled | Manures,
El Drilled Manures, | and Top-
B Description of Drilled Manures. Manures | and Top- |dressing of
“ only, |dressing of | Rape-cake
5 Sulph. Am.jnnd Sulph.
o Ammonin.

9 | 400 lbs. calcined bone-dust, hydrochlorlc X . BT
acid =268 1bs. sulphuric acid . Thes i 1%
14 | 11 cwts. superphosphate of lime (land . 5 T4
trenched 18 inches deep in 1844) LB L i
18

ric acid, 105 1bs. soda ash, T4 lbs, mag- 13:79 1348 1346
nesian ]:mc.«lonu. and 157 Ibs. pearlash
21 | 400 lbs. calcined bone-dust, and 400 lbs. . N .
sulphuric acid . 13:33 13-12 12:68

22 | 11 cwts. supelphosphate of llme 13-97 13-56 1291

400 Ibs, caleined bone-dust, 420 lbs aulplm-}

Mean Results oo won v s aas 1373 13:31 12:87

(or almost past that point), give the highest percentage of dry
matter in the leaf as well as in the bulb. Those under the addi-
tion of ammoniacal salt give in the leaf a percentage uniformly,
but not so far relatively lower as in the case of the bulbs; but it
must be remembered that the leaves were gathered much later,
and indeed, when, in these cases as well ag in those by the purely
mineral manures, the point of maturity and exhaustion of soil-
supplies for organic food had been approached, or passed. We
find again that the more vigorous plants under both rape-cake
and ammoniacal salt have, coincidently with the greater preva-
lence of vascular action, a less percentage of dry matter.

Whilst we are writing, the specimens of the present season’s
growth are being operated upon in the drying bath, but as we
have not given any account of our experiments since 1845, we
need only say that succeeding results indicate the same general
facts on the subject of dry matter as those to which.we have
drawn attention.

Having argued that, supposing the dry matter in the turnip
were of uniform composition, a high percentage can only indi-
cate the amount of solid substance in a given amount of produce
at the period of growth at which the determination is made, and
does not by any means unconditionally show the efficiency of the
manures employed, we shall turn our attention to the composition
of the dry substance itself. It has been stated that dry vegetable
produce contains the so-called wegetable or *orgamic” consti-
tuents, and the “ mineral ” or ¢ inorganic,” the latter being that
portion which remains after the former is burnt away.
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We shall first speak of the composition of the organic or
vegetable part of the turnip, and shall endeavour to show its
dependence on the manures by which the plant is grown, and
the probable relative feeding values of different specimens.

We do not pretend to have reached further than the threshold
of this inquiry, but still hope our results may furnish some
interesting inferences. The organic matter of the turnip-bulb
is composed of several complex bodies, some of which consist
of carbon, hydrogen, and oxygen, whilst others contain nitrogen
in addltlon to the other three elements. Other substances, such
as sulphur and phosphorus, are also found in these compounds,
but in small quantities, and their presence or absence is imma-
terial to us just now.

Those of the compounds Wh1ch contain nitrogen are in less
proportion in plants than those in which it is absent; but nitro-
gen is a very important constituent in all food, g0 much so
indeed that the comparative feeding value of different articles of
produce may frequently be estimated by the amount of nitrogen
they contain; and we shall, to some extent, act upon this
assumption in what we are about to detail.

Those who have read the paper on Agricultural Chemistry in
the last number of this Journal, will bear in mind the remark-
able fact there indicated, that the larger the amount of the
nitrogen supplied by manure for the growth of wheat, the less
was the percentage of that substance in the produced grain.
This is not consistent with the views generally maintained on
this subject, but it seemed to us not only sufficiently proved by
our experiments—but, when it was remembered that wheat-
grain was peculiarly a starchy seed, and that starch contains no
nitrogen, it was thought that whatever tended to the healthy
action of the plant (as nitrogenous manures were found to do)
would of necessity develop the special aim and products of the
plant, and that in fact it was more natural to expect that the
seed would under these circumstances be more starchy than that
it would be more nitrogenous and less starchy. In growing
wheat-grain, then, by means of nitrogenous manures the per-
centage of nitrogen in the produce was rather diminished than
increased. The following results will show whether a similar
effect is observed in the growth of turnip-bulbs:—

This is not the place to give any detailed acconnt of our methods
of analysis, but we may say that we think considerable confidence
may be placed in the results, as a comparative series; and we
believe them to be, moreover, not wide of the exact truth. If we
had to give an opinion, however, asto the probable direction and
extent of any error, we should suspect it to be in defect rather
than in excess, and that ifit exist it is pretty uniform throughout
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PercENTAGES of Nitrogen in Dry Turnip Bulbs, the produce of different
Manuves,

| Drillel
| Drilled | Drilled Manures,
Duilled | Manures, | Manoves, | sl Top-
Description of Drilled Manmnros, Manures | and Top- | and Top- flressing of
| only.  Jiressing of|dvpssing of Rnpeci ko
| Rape-cake. [ Amm. Salt, and
i I A, Salt.
— - = [ — =
400 1bs. calcined bone-dust, hy—)
drochloric acid =268 Ibs. sul-
phuric acid I
11 cwts. superphosphate of lime

o | Plot Numbers.

146 1-93 2-82 222

[N
S

1-58 1-89 2:89 2-44

|
! I

Mean Results ... ... ... ‘ 152 191 ] 2:86 233

the series ; that its probable extent is 0-10, and its utmost range
0-20. Should such general deficiency pervade our resulty, it s
dependent partly on the fact that suceulent gpecimens cannot be
fully dried in air at 212° without some loss of nitrogen, and in
parti also upon certain practical difficulties attending the conduct,
of the determination of nitrogen in substances in which the actual
percentage is so small as in the instances befors us, We may
add that each of the results given in this paper is the mean of
two determinations af least, and when there has been a difference
of 0-10 a third has always been made.

Referring to the results of the table, and taking the columns
separately, we see a very marked coincidence between the figures
in each, and as marked a contrast between column and eolumn 3
and if we call to mind the peculiavities of the several organic
conditions of manuring, we shall see the influence of the nitro-
genous supply to be exactly opposite to that observed in the
case of wheat-grain, and in fact that the percentage of nitrogen
in the turnip-bulb bears a divect instead of an inverse relation to
the predominance of that substance in the manure,

Thus, in the instances quoted, the percentage of nitrogen in
the dry substance of the produced bulb is by mineral manures
alone 1-52 ; by the addition of rape-cake, which contains, besides
a large amount of earhon, a considerable quantity of nitrogen, we
have 1:91 per cent. ; by ammoniacal salts, supplying abundance
of nitrogen, but no carbon, 2:86 per cent.; and when to this
exclusive nitrogenous supply rape-cake is superadded, we have
233 percent. There is here seen, then, very evident connexion
between the percentage of nitrogen in the substance of the bulb,
and the supply of it in the mannves employed, Tt is worthy of
remark, however, that it is not the actual acreage quantity of
nitrogen, but its proportion to other constituents thatis so clearly
indicated. Thus, in the third column, with an acreage supply of

~
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about G0 Ibs. of nitrogen by manure, we have a percentage of
2:86 in the dry matter of the produced bulb, whilst in the fourth
column, with a supply of about 110 lbs, per acre, we have only
2:33 per cent.; but when we remember that in the latter case
there was a large amount of carbon in the manure, and in the
former none, we have a clear illustration of the close connexion
between the provision by manure and the composition of the pro-
duce. To render our meaning more intelligible we may further
explain that the nitrogen in the turnip, and indeed in food-
products generally, exists in combination with carbon, hydrogen,
and oxygen, itself comprising nearly one-sixth part of the thus
constituted nitrogenous compound ; the remainder of the c}ry
matter consists of the compounds destitute of nitrogen, of which
the chief constituent is carbon. Now in column 3 there was no
carbon in the manuve, but in column 4 a large amount was pro-
vided in the rape-cake, and notwithstanding that there was in th is
case not only the same amonnt of nitrogen supplied by ammonia
salt as in column 8, but further, all that of the rape-cake, raising
the total amount to nearly double, yet the supply at the same
time of carbon, favouring the formation of non-nifrogenous com-
pounds, gives a less proportion of those which are nifrogenous,
Again, if we compare the mean of these vesults with the mean
percenfage of dry matter under the four conditions of manuring,
we find with the lowest percentage of nitrogen in the bulb the
largest amount of dry matter, and with the highest percentage of
nitrogen, the lowest amount of dry matter. There is then with
the highest percentage of nitrogen more of circulating fluid and
less of fixed deposited substance than with the lowest ; and since
there was, moreover, not only a less matured bulb, but a less
acreage produce of it in a given time than where the nitrogenous
supply was less, we are led to infer that the high percentage
of nitrogen indicates a relative deficiency of carbonaceous sub-
stance, rather than a favourably increased amomnt of nitrogen.
Indeed, these results will confirm the opinion already urged,
namely, that turnip-bulb formation is very dependent on an
abundant supply of carbonaceous matter to the roots, and that the
more the nitrogenous condition of manuring prevails over the
carbonaceous, the more will vascularity and the less will special
deposition be enhanced. Thus the highly vascular seed-forming
turnip-plant is to the less vascular bulb-forming one, as the well-
conditioned breeding or working animal is to the stall-fed fatten-
ing one; a considerable amount of nitrogenous as well as car-
bonaceous food is essential to both of these ; in the one case,
however, exercise tends to consume what in the other inecreases
the bulk of the animal : so that whilst the food taken may indeed
in the two cases be very similar, yet the balance of it retained in
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the animal will be as different as, in the cases of the two plants,
is attained by more divectly varying the supply, and the peculiar
habits of life and growth will be developed accordingly.

The following results further ghow how truly dependent is the
composition of the turnip-bulb upon the provision by manure i—

purcENTAGES of Nitrogen in the Dry Matter of Turnip Bulbs, the produce of
different Manures.

Standard

E standard Standard | Manures,
% gtandard | Manures, Manures, | and Top-
= Oonditions of Standard Manuring. Mamures | and Top- and Top- |[dressing o
i only. liressing of dressing of Rape-oako

k] Rapo-onke Armnm,Salt and

& A, Salt,
- - B — I == s

1 | 12 tons farm-yard dung ... 156 aue 2:54

2 Unmanured G wan 3-31 2:17 208 2:63

3 g cwts. rape-cake ... cae e | 223 279 2:80 3:00

We see that the percentage of nitrogen by farm-yard dung is
156, which differs little from either the Tesults obtained by
mineral manuves alone, when all the organic supply was devived
from normal sources, OT from the number observed by Bous-
singault, which was 1:70. The addition of sulphate of ammonia
to the farm-yard dung, raises the percentage of nitrogen in the
bulb from 1:56 to 2:54, or by two-thirds of the usually observed
amount. Here, however, We have in the manuwre & large pro-
vision of carbonaceous matter, and, as before noticed, & coinei-
dently less percentage of nitrogen than when there was ammo-
niacal salt alone.

In the second line of the table we have some most interesting
vesults, consistent with what have gone before, and, further,
affording a new and significant illustration of the office of the
turnip as a fallow-crop-

1t will be recollected that the average weight of the bulbs on
the unmanured plob Was, in this season of 1849, less than 2 0%.,
and that the entire produce was only 18} cwts. per acre. We
find, however, that these stunted bulbs give & percentage of
nitrogen higher than any in our series, even than those which had
an unusually excessive supply by manure, and twide as high as
the amount supposed generally to exist in the cultivated bulb.
We may reasonably infer that, under the in fluence of season and
a soil reduced to the lowest conceivable state of exhaustion, as
vegards its fitness for the growth of the cultivated turnip, the
natural supply of nitrogen was, in proportion to that of other con-
gtituents, abundantly available to the special acoum ulative powers
of the plant. In the same line we find, in the second column,

Agrioultw-al C’hemisto‘y—Tuo;ngps. i e——

that the supply of a top-dressing of rape-cake to this otherwise
exhausted plot, raises the acreage produce of bulb from 13} cwis.
to 74 tons, and the average weight of bulb from less than 2 to
nearly 11 o%., and notwithstanding the nitrogenons supply of the
rape-cake, We have, with its large provision of carbonaceous sub-
stance, the percentage of nitrogen reduced from 3:31 to 2:17.
Tn the 8rd colwmm, where there is added to the natural supplies
of soil and season nitrogen, but 70 carbon, we had an evidently
unhealthy condition for the acreage produce, the size of bulb,
and the number of plants, were all Jess than where there was no
manure whatever. Again, with these anfavourable circumstances
of growth we have a very large percentage of nitrogen ; less, in-
deed, than in the anmanured bulbs, bub considerably higher
than when rape-cake alone was used. In the 4th column we
have the same supply by manure of carbon and nitrogen as in
column 2, with the addition, however, of the nitrogen s in
column 8, and we find, as in other cases, that although the
actual supply of mitrogen is greater than in column 3, it being
proport.ionably less, the percentage in the bulb is reduced.

In the third line the standard manure is rape-cake, the extra
dressings being, ag usual, a further addition of rape-cake, of am-
moniacal salt, or of both. Comparing the percentage of nitrogen
by the drilled rape-cake, as in column 1, with thab by farm-yard
dung, we find that the rape-cake gives the highest, and we would
suppose the proportion of nitrogen to carbon would be greater.
Tn column 2 the amount of rape-cake being greater, the per-
centage of nitrogen is greater: the supply of nitrogen to that of
carbon is not, however, greater than in column 1; but we have
before seen that a full quantity of rape-cake, without extra
mineral manure, is not conducive to the mosb healthy growth of
the twrnip-bulb; nor indeed would the carbon so supplied be s0
completely and rapidly available as the nitrogeu. The addition
of ammoniacal salt, in column 8, raises the percentage of
nitrogen from 9:93 to 280, and in column 4, as compared with
column 2, from 9-79 to 3:00.

We have made other determinations of nitrogen in turnip-
bulb, with a view to some more special points, but as we cannob
discuss them in this paper without extending our remarks to an
undue length, we chall defer notice of them until a future
occagion. The results already given are, moreover, we thinlk,
sufficient to aid our estimation of the characters of the turnip
as o food and rotation crop-

An important fact olicited is, that within & certain range, which
indeed is wider than has generally been supposed, the organic
composition of the turnip bears a very divect relation to thab of
the manures by which it is grown. 1t is geen that the proportion
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of nitrogen usually found in the cultivated turnip-bulb may be
nearly doubled by means of ammoniacal manures, and since we
have stated that the feeding value of a crop may to some extent
be measured by its percentage of nitrogen, it might be supposed
that we should be led strongly to advocate the use of such man-
ures in the growth of the turnip. Our field experiments have
already shown, however, that this wonld be a one-sided inference
from these departmental results; and when we come to make
some general application of our varied evidence fo practical and
economic agriculture, the true position and bearing of the dif-
ferent branches of the question will be indicated.

We regret that we have not as yet a sufficient number of
determinations of nitrogen in the turnip leaf to enable us fo
decide satisfactorily whether the percentage be as clearly de-
pendent upon the supply by manure as in the case of the bulb;
the vigorous leaf being, however, highly vascular, and containing
much of the still circulating unassimilated food derived from the
soil, we might anticipate it would be so; but on the otherhand,
if we look at the bulb as a reservoir of matters which are in
excess so far as the natural seed-forming tendencles are con-
cerned, we might expect the less arfificial organs, the leaves,
would be more constant in their composition, The following
results will not assist us much in deciding these questions; they
are, however, not without interest :— :

PERCENTAGE of Nitrogen in the Dry Matter of Norfolk White Tarnip lieaf.

4 Specimen |
Ed dried below |
E ried 200°, and |
= Description of Manures. at Nitvogen oil-|
“ 2320, culated upon |
2 fully dvied |
= | Substance,

e L I ! —
1 Farm-yard dung ... | 324 360 ‘
2 Unmanured e | 422 4-35 ‘

Here are given the results obtained from specimens of leaf, in
one instance dried fully at 212°in the water bath, and in another
dried much below that temperature ; the percentage of nitrogen
in this case being calculated upon the fully desiccated substance.
The fact before alluded to, that succulent specimens frequently
lose nitrogen at 212°, is thus illustrated ; in one instance there
is a defect of 0-36, and in the other of 0-13. 'We have met with
a similar result with other sncculent substances.

Tt will be remembered that the turnip-leaf was found to contain
a proportion of dry matter more than half as large again as the
bulb ; and it is seen that in the case of the dung specimen the dry
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matter of the leaf has a percentage of nitrogen twice as high as
that of the bulb. A given weight of the fresh leaf would there-
fore contain more than three times as much nitrogen asan equal
amount of bulb. Since, however, the bulk of the leaves at the
time the turnip crop is gathered or consumed are past the condi-
tion in which our picked specimens were taken for analysis, it
wonld be unsafe to employ these results for purposes of acreage
calculation ; yet they are in other respects to be relied upon.

Comparing the characters of the cultivated with those of the
uncultivated plants, as shown by the analyses which have been
given, we observe the decrease by cultivation in the percentage of
nitrogen in the dry matter is in the leaf only *75, but in the bulb
175 ; from which, again, we may perhaps gather that the cul-
tivated bulb is the vesult of a continued aceumulation of secrefed
matters, formed in quantity beyond the essential requirements of
the plant as such: the leaf, on the other hand, containing, besides
its own special stractures and products, little more than those sub-
stances derived from dmmediate supply,—has, therefore, a com-
position in a less degree varying according to the constant
circumstances of growth, but comprising a larger proportion of
unsecreted matter.

The fact that, notwithstanding the large nitrogenous contents of
turnip-leaves, they should only be to a small extent valued as food,
doubtless arises from the large amount of matters which they con-
tain only brought within the range of the organism, themselves as
yet unorganised, and existing as saline and other changeable
{luids, to which we may readily attribute a medicinal and purga-
tive, rather than a direct nutritive effect ; elaboration to some
extent being, as we are aware, an important element in the con-
dition of food for animals. The low degree of stability in some
of the nitrogenous contents of succulent substances, as indicated in
the drying process, as well as our conceptions of the offices and
physiological position of the different parts of a plant, bespeak,
indeed, that where an active civeulation is still proceeding, there
will be found not only the actual and fixed butalso the prospec-

tively possible constituents, the latter as yet only in a vehicular

condition, and little influenced by the selective and appropriatp
powers of the organism, It is true that the varying character of
the vital apparatus of different animals adapts them to the use of
vegetable food in varying degrees and states of elaboration ; but
there seems to be a point in this degree of elaboration below
which constituents lose their food-qualities ; or even, it may be
doubted whether, in such cases, the matters are not really as little
truly vegetable as would be the watery extract of the soil as it is
taken up by the rootlets, and from the condition of which little
deviation has hitherto resulted from the vital actions of the plant.

wef
/
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Such substances, indeed, may perhaps be considered as still be-
longing to the mineral kingdom, upon which animal life cannot
be sustained.

Referring to the more special lesson of the experimental results
last given, we notice, that whilst the leaf grown by farm-yard
dung contains 3:60 per cent. of nitrogen in its dry matter, that
grown without manure of any kind in a turnip-bulb exhaunsted
soil has 4-35 per cent. ; and it will be remembered the bulbs cor-
responding to these specimens of leaf give respectively 1:56 and
3:31 per cent. We have, then, in the leaf as well as in the bulb,
a larger proportion of nitrogen in the more natural but agricul-
turally useless turnip than in the cultivated one ; and if we are
right in considering that, within certain limits, the composition of
a succulent imperfectly elaborated vegetable will bear some direct
relation to the supplies of food within its reach, we must conceive
that there was, independently of art, a resource of nitrogen avail-
able to the uncultivated plants far beyond that of other necessary
constituents. If, then, the powers of reliance upon normal sup-
plies of nitrogen here observed are to be fully developed and
turned to economical account, it is more especially by means of
an artificial provision of the other constituents that this object
will be attained.

‘We think that in these facts we have a beautiful illustration of
some of the physical and physiological characters upon which
depend, materially at least, the economic value of the turnip in
rotation with corn. The true economy of alternate cropping,
whilst, however, it is intimately associated with functional differ-
ences, such as we have shown to exist in the selected plants, yet
depends much also upon the destination and uses of the produce,
independently of which, the peculiar accumulative tendencies of
the different crops could not be rendered profitably subservient.
We shall not, however, consider the connexion between the
various sources of the economy of a rotation of crops, until, hav-
ing detailed all the evidence which it is our intention to bring
forward, we coms to sum up and apply our departmental results
to the practice of agriculture.

We shall now give some account of the mineral substances
found in the turnip. Our experimental results referring to this
branch of the question are very numerous, and it was our wish to
have considered them somewhat fully ; but as our permitted space
is already nearly exhausted, we must defer doing so until a future
opportunity, and confine our remarks on this occasion to some
explanation of the nature of the subject, and to indicating the
general bearing of our evidence upon the conclusions which have

been arrived ati in the foregoing pages.
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The I'mow]edge which we at present possess of the amount, the
composition, and the office of the mineral matter found in com-
hl‘nla.ti.on with the various definite organic compounds of which the
solid and fixed substance of a plant is made up, is very limited ; yeb
1t is such as by no means leads us to assign to all the constituents
of the ash of a crude vegetable product an essential position in
the constitution either of the parts already elaborated, or of those
which would result from the continued growth of the plant, It is
obvious that an examination into the nature and constancy of the
circumstances of growth, with which variations in the quantity and
composition of plant-ashes are connected, cannot alone provide an
explanation of the uses and importance of the mineral substances
In the plant ; it is, however, an essential step in the inquiry, and
the results attained by it must materially direct and aid any
collateral course of investigation.

In entering at once upon this part of our evidence, we may
again state that we did not determine the amount of dry matter in
the produce of the first two seasons’ experiments ; we are unable,
therefore, to give the percentage of ash in the dry matter in the
specimens of those two seasons, and it will afterwards be seen that
this particular is move significant: than that of the percentage in
the fresh produce. On this account, and as we wish to compress
our matter as much as possible, we shall not give any statement
of !;hg results of those two years, but only remark that a close
examination of them affords like conclusions to those to which
the third season’s experiments lead us.

The percentage of ash in the fresh bulbs, the mean of the pro-
duce of each of the four conditions of manuring, frequently
referred to before, are given below.

Percentoge
of Ash in
General Description of Manuring. F;rt:zsxllzes ];? X
* Norfolk
White"
Turnip Bulb.
Season 1845.—Mean of 13 experiments | r i
. nents by purely mineral manures 058
Season 1845.—Mean of 13 experiments by mineral manures and
rape-cake added ... ... .. ., .. .. .. } oty
Season 1845.—Mean of 13 experiments by mineral manures and
ammoniacal salt ... ... .. .. .. ... 1 el
Season 1845.—Mean of 13 experiments by mineral manures, and \
both ammoniacal salt and rape-cake ... ... i V&

These results are the actually found percentages of ash, without
any deduction for adventitious substances, such ag ,si]ice.mzs
matter and charcoal. The figures exhibit very slight differences
such as could not justify any important conclusions, were these

T
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buted to the bulb, notwithstanding its large amount of water, in
some respects a higher condition of elaboration, or fixedness in
its solid constituents, than to the leaf. We have, indeed, supposed
that bulb formation, in the degree in which it is developed for
feeding purposes, is a deposition of matter existing in quantity
beyond what is essenticl to the health of the natural plant, much
as depositions are known to take place in animals under some-
what analogous circumstances.

The following comparative statement of the proportion of ash
in the dry matter of the leaf, the bulb, and the seed of the Norfolk
‘White turnip, will favour the view that the composition of the bulb
implies a more advanced selective process than that of leaf: —

Lenf. Bulb. Seed,

|
|

Percentage of ash in the dry matter of ... ... | o5 (i) 5
|

There is then, comparing one organ with another, as well as
different specimens of the same organ, a diminution in the pro-
portion of the mineral to the organic constituents of the plant the
farther we advance towards the matured results of the vital process.
It is true that even in the seed the amount of mineral substances
is greater than our conceptions regarding the composition of the
definite compounds of which it is made up would alone have led
us to anticipate ; but numerouns experiments with wheat grain
show that, however small may be the differences exhibited in a
series of specimens which can be compared with each other in this
respect, yet they will indicate the less percentage of ash in the
dry matter the higher the percentage of the dry matter itself—
that is to say, the more completely ripening processes have been
developed. Anexcess of mineral matter in any such case may to
some extent therefore be owing to an increased proportion of
vascular contents to perfectly elaborated substance.

Admitting that the mineral substances found in the leaves of
the turnip and of other plants are such in variety and in amount
that we cannot suppose them to be all destined to enter into com-
bination, and actually to constitute a portion of the fixed and
essential formations of the plants, yet their presence within it is
not on that account quite inexplicable. The experiments of De
Saussure and others show that the rootlets of a plant take up the
dissolved substances presented to them, exercising but little of
selective power, whilst such as they have is rather of a mechanical
than of a more purely vital kind. It is not to be wondered at,
then, that the composition of the ash of highly vascular vegetable
substances should exhibit a wide range of difference, according to
climate, manuring, and soil. In such cases a large proportion of
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the mineral matters are distributed, not as constituents of the
organised substance of the plant, but in its vessels and fluids,
owing their quantity and character, to a great extent, to the
external influences just referved to, but little, comparatively, to
the selective processes of the organism.

The following mean results of analysis seem to show that the
more the truly vital processes have been exercised, the more
special does the composition of the mineral matter become :—

Leaf Ash, Bulb Ash.

Mean of 24 -, y

Analyses by zal[l?dl‘];ég g%v
Mr. D, - Gillber

Ca u_11pbe]1. Dr. Gilbert.
Potass ... ... . e e 22-05 44-84
Chloride of potassium 4:84 034
Soda .. wh e e 019 179
Chloride of sodium ... ... 615 6:86
Lime ... .. v aer e 3053 1140
Magnesia oo v aar e 0-82 1+46
Phosphoric acid * 5'0"3 7'8%)
Sulphuricacid ... ... .. 12:55 1063
Carbonic acid  wev s s 17-82 1479
10000 100-00

These results being the mean of so many analyses as twenty-four
in each case, the general character of the distinctions they exhibit
may be fully relied upon. Itisto be regretted that we have not
an actual analysisof the ash of the seed of the Norfollkk White, to
place by the side of those of the leaf and of the bulb. We know,
however, that phosphoric acid, potass, and magnesia are eminently
seed-ash constituents, and that the existence of the vehicular
element, chlorine, in a perfectly ripened seed is doubtful. The
increage in the percentage of the more special, and decrease in
that of the less special constituents, is clearly shown in the results
given above, as we proceed from the earlier formation to the later
one, the composition of which is more influenced by the peculiar
elaborative action of the ovganism. Of the soda salts, indeed,
the actual amount is somewhat larger in the bulb than in the
leaf, but their proportion to the potass ones is much less.

It has been observed that the ash analyses of green erops seem
to afford confirmation of the much discussed theory of the substi-
tution of potass by soda in plants, but that those of grain crops,
on the other hand, do not serve the same purpose. It seems to
us, however, that if in green and succulent substances, in which

* In the analysis of the. leaf and bulb ash, the phosphoric acid is calculated
trom the bone-earth precipitate, taking no account of the small quantity of
iron salt usually present.
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there exists a considerable amount of matter admitted by the
roots, with but little of special selective power, the proportions of
potass and soda may vary according to the variations in the soluble
contents of the soil, but the further we advance towards the ulti-
mate results of the organism, the larger is the proportion of potass
to soda ; there is in such a fact evidence against the supposition
that the vegetable organism can substitute the one alkali for the
other, for in the case assumed soda would seem to be present
only before the wital selective processes had been exercised upon
the matters brought within theix sphere of influence. If, then,
the theory referred to suppose a replacement of potass by soda,
as an actual constituent of vegetable products, we think that facts
hitherto observed are such as should tend to disprove rather than
to prove its validity. On the other hand, we may well believe
that the large amount of mineral matters admitted into a plant,
beyond that which is likely to become fixed and combined with
its structures or deposits, has, nevertheless, some office to perform,
We know too little, however, of the means employed by the vital
processes to enable us to assign special agencies fo special sub-
stances ; yet the presence of mineral matters nof actually to take
part as constituents, is by no means improbably of essential im-
portance in determining the changes towhich the circulating juices
of the plant are subject; noris it impossible that in such an office
as this soda may substitute potass, and one acid another, that is
to say, as agents, if not as constituents. It is, indeed, only by sup-
posing some other requirement in the plant than that of meve pro-
vision of actual constituents, that we can in any degree account,
either for the extraordinary effects which a large supply of
mineral substances is in some cases found to produce, or for its
possession of the power by virtue of which so large an amount of
such substances is talken up by its roots and distributed through-
out its living organs,

It was our intention to bring forward many more results, hoth of
the field and laboratory, relating to the important subject of root-
culbure, had our space permitted it. We haye still eighty analyses
of ashes obtained from tu vnips, the history of the growth of which
is detailed in this paper. It would also have been advantageons
to give, in less technical language, a short summary of the results
arrived at in the course of these experiments, for the convenience
of those readers who are more conversant with practical than with
scientific agriculture, Having, however, through the kindness of
the Journal Committee, already extended our article to a length
beyond what is usually allotted to contributors, we must conclude
with a brief explanation of the means to e employed in the pro-
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fitable cultivation of roots, and of the peculiar properties which
they possess, and which constitute their value as fa-llpw-crops._

A practical farmer, accustomed to consume his turnips upon his
land every fourth or fifth year, might be inclined to doubt; the
correctness of any conclusions drawn from a set of experiments go
artificial as the removal of five successive crops of turnips from
the same field. It should, therefore, be distinctly understood that
the object of these experiments is not to provide any examples
for direct imitation in practice, but to enable us to ascertain the
real characters of season, soil, and manuring required for the
growth of the turnip, in order that, the principles of its culture
being better understood, the practice of it may be more econo-
mically carried out,

In our experiments upon wheat, given in the last number of
this Journal, we showed that the produce of grain, beyond that
which the soil and season gave in successive years, was de-
pendent upon the supply of nitrogen ; that, 100 Ibs. of rape-cake,
containing 5 Ibs. of nitrogen and 80 to 90 Ibs. of carbonaceous
matter, gave no greater increase of corn than a salt of ammonia
containing 5 1bs. of nitrogen and no carbonaceous mabter; and
that the produce from 14 tons of farm-yard dung upon the same
space of ground year after year was invariably less than that
which was obtained from 2 ewts. of ammoniacal salts. The farm-
yard dung and rape-cake increased the produce of grain in pro-
portion to the amount of nitrogen which they contained ; but as
the rape-cake contains only 5 per cent. of nitrogen, and dung,
frequently not a 4 per cent., or one pound in 200, to what pur-
pose can this bulk of carbonaceous matter be applied? As long
as corn is cultivated, it is evidently of little use.

Our experiments upon turnips answer this question in a most
satisfactory manner. They show distinetly that the produc-
tion of turnip-bulb depends upon the supply of carbonaceous
matter in the soil, and that the true office of the turnip and
other root-crops consists in converting the otherwise useless
refuse of our corn-crops (straw) into a succulent and nourish-
ing food for animals. During the five years over which our
turnip experiments have heen carried, in only one instance
has the acreage weight of bulbs reached 17 tons. We know
that the mineral matter required by the turnip has not been
deficient, and in many instances very large quantities of nitrogen
have been supplied; but the essential substance, carbonaceous
matter, required for bulb-formation, has been but moderately
supplied in the form of rape-cake ; in one instance, where it was
supplied in & larger quantity by dung, the greatest produce was
obtained. Having, therefore, shown that to obtain heavy erops of
bulbs, large amounts of carbonaceous matters should be supplied
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to the soil, and that dung is the cheapest source of this substance,
the question next arises, What are the best substitutes for it ?

Dung is an article in which our farm-yards ave very apt to be
deficient. It might be supposed that if sufficient carbonaceous
matter were once aceumulated upon a farm exporting only corn
and meat, the loss in these two products would not be greater
than would be supplied in return by the atmosphere ; but the ex-
periments of Boussingault and Dr. R. D. Thomson show that
the amount of such matter respired by an animal, and therefore
lost to a farm, is very great ; indeed we should not be far wrong
if we said that in feeding a crop of turnips by stock one-half of the
carbonaceous matter in it is lost to the farm. To restore theloss
of organic matter most economically, varions processes are recom-
mended : some advocate the consumption of artificial food with the
turnip ; some the employment of ammoniacal manures in order
to collect carbon from the atmosphere ; and some maintain that
if the mineral substances composing the ash of the turnip were
restored to the soil, it could supply itself with organic matter.

To commence with the mineral manures :—Analysis has shown
bhat a great portion of the ash of the turnip consists of the
alkalies, potass and soda, and of magnesia—and these substances
have been recommended in the formation of mineral manures;
we think, however, that a careful examination of the position
which the turnip-crop holds in a rotation, and the manmner in
which its organic and inorganic matters are applied in farm
practice, will show that the artificial supply of alkalies can
rarely, if ever, be advocated. A fair crop of turnips would
contain in leaf and bulb about one ton and a-half of dry matter,
of which 250 lbs. would consist of minerals. Omitting those
minerals which are of less importance to consider here, we may
take the composition of the crop as follows :—

Dry organic matter... ... .. .. . ... 3110
Potash ... ... o wow ave e s w127
Phosphate of lime ... ... ... ... ... .. 50
Sulphate of lime ... ... ... .. .. .. 40

Of the organic matter, more than one-half of the carbon, but
probably scarcely one-fourth of the nitrogen, is lost to the farm
by the respiration and increase of the stock.* The amount of
phosphate of lime removed would vary greatly with the nature
of the stock consuming the turnips. A breeding flock or young
growing animals abstract large quantities to be employed in the
production of bone, while full-grown animals require very much
less. Of the alkalies contained in the ash of the turnip the
stock return to the soil nearly all they take up. Barley generally

* This retention upon the farm, of witrogen specially, demands more notice
than our space permits.
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follows after turnips, the greater part: of the corn being taken to
market. A crop of 40 bushels carries off phosphoric acid equal
to about 28 Ibs. of phosphate of lime, and 9 1bs. of potash. The
clover following the barley, being consumed by stock, causes a
further loss to the farm of organic matter and phosphate of lime,
but of little or no alkalies; while the wheat grain removes about
12 lbs. of potash and 30 lbs. of phosphates.

We see, therefore, that much of the organic matter of the
turnip is lost to the farm by respiration, and the phosphate
of lime largely in the formation of bone; while the export of
potash is so small that the quantity contained in one acre of
turnips would not be entirely exported under twenty years. It
is clear, then, that unless by actual waste, there is, under an
ordinary course of farming, without the use of imported food, a
comparatively small decrease in the amount of available alkalies
in the soil; but when we consider the vast amount of alkalies
existing in the soil itself, and set free by annual decomposition,
and that in every well-cultivated farm there will be a consider-
able quantity imported in cattle food, there can be little doubt
that, under ordinary circumstances, the available alkalies accu-
mulate in the soil. It may be further remarked, that in our
experiments the alkalies, in whatever form we applied them,
were always injurious to the vigorous growth of the young plant.
Although the export of phosphate of lime from a farm is very
much larger than that of the alkalies, the continual use of it
as a manure for the turnip-crop could not be advocated upon
the ground of mere exhaustion ; for it could be proved that
where the supply of it to the turnip-crop during successive years
has been much greater than what has been removed in produce,
the effects of further applications were equally successful.

We are therefore inclined to limit the economical application
of mineral manures to phosphate of lime alone, and even then in
most cases it is employed, not as an element of which the soil
generally is deficient, but as an agent for promoting to a remark-
able degree the early and vigorous development of the young
plant within a limited range, and carrying it with rapidity over
those stages, any delay in which is attended with great injury,
and often with the destruction of the whole crop.

The sources of phosphate of lime are guano, bones, and the
compound of phosphates and sulphurie acid, called superphos-
phate of lime. The latter manure is the form which is found
to produce the greatest effect upon the young plant, and espe-
cially upon the development of a large amount of fibrous roots.
Although strongly acid, it may be drilled with the seed without
the slightest mjury to it.

It must, however, be clearly understood that the bulk of an
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agricultural crop of turnips depends materially upon the amount
of organic matter contained in the soil, without which the deve-
lopment of the power of growth by means of the phosphate
will be unavailing. The first application of a mineral phos-
phate is liable to produce heavier crops of turnips than those
which follow, unless the carbonaceous matter taken from the
soil by the turnips, and lost by the respiration of the stock con-
suming them, has been made up by imported cattle food. Rape-
cake, as containing a large amount of organic matter, is an
admirable manure for the turnip as a substitute for farm-yard
dung; it may be employed in conjunction with superphosphate
of lime—the former being sown broadcast, and the latter drilled
with the seed. ;

Peruvian guano, which contains a large quantity of am-
monia as well as phosphates, is found to be a much more certain
manure for turnips in Scotland, where the fall of rain is large,
than in those parts of England where it is much less. Indeed,
the natural agencies of season are much more favourable to the
growth of turnips in Scotland and the north and west of England
than in the eastern counties, where the application of skill and
capital, upon a soil well suited to the plant, has gained for them
a high reputation. In the south of England, and wherever the
comparatively small amount of rain that falls renders the pro-
duction of the turnip-crop uncertain, the cultivation of the
mangold-wurzel might be extended with considerable advantage :
it can be sown sufliciently early in the spring to enable it to
extend its roots deep in the soil before the dry weather sets in,
it is not liable to injury from insects, and it 18 capable of pro-
ducing a larger amount of solid food than any other crop in a
rotation. The objection raised against it as an exhausting crop
arises partly from the small amount of produce whick it yields
from a given weight of manure compared with turnips; but ag
the percentage of dry matter is greater, the objection may not
be valid. The following table shows the amount of dry matter
contained in various root-crops grown this season upon Rotham-
sted Farm under ordinary cultivation :—

Percentage of dry matter in Long Red Mangold-wurzel ... 127

- . Yellow Globe » e e 11°34
n " Common Swede (name unknown) 12-2
. " Skirving's Swede, purple top ... 94
. ” . » green top ... 94
” ' Green common Turnip ... ... 79
" " Norfolk White ... ... ... ... 783

We see by this table that 10 tons of mangold-wurzel contain as
much dry matter as 15 tons of white turnips, and that the dif-
ference in bulk between a crop of Skirving’s, compared with one
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of the older sorts of swedes, is due to the difference in the pro-
portion of the water. That the soil on this farm, although not a
turnip soil, is capable of producing good root-crops, under a proper
supply of manure, may be inferred from the fact that this year,
which is anything but a good turnip season, an acre of swedes
was weighed, the bulbs of which gave 20 tons 10 ewts. ; number
of plants per acre, 20,120 ; average weight, 2 lbs. 3 oz. Ten of
the largest were found to weigh 112 Ibs.

We found in our experiments that the usual percentage of
nitrogen could be nearly doubled by the use of ammoniacal
manures ; but we do not recommend the general direct use of
such manures for turnips, notwithstanding that the value of our
produce as food depends much upon the percentage of nitrogen
it contains.

On some future occasion we shall endeavour to show that,
excepting rape-cake, the manures in the market containing nitro-
gen are more advantageously employed for clover, and other
crops of the like kind, than in any other place in the rotation.

If a proper quantity of imported food be consumed upon a
farm, the direct supply of nitrogen to the turnip crop by means
of artificial manures will certainly not be necessary. An ewcess
of nitrogen in the soil produces too large a proportion of leaf, and
too little tendency to form bulb. It is true that a crop of turnips
having a large proportion of leaf will give a larger amount of
manure to the land ; but its yield of food will be comparatively
small. Buf, since the manure obtained in such a case previously
existed in the soil, the economy of the crop, even so far as its
manuring influence is concerned may be doubted. In fact, so
far as our experiments upon this subject enable us to judge, we
believe that where the supply of nitrogen to the soil is very great,
the amount; of it collected from the atmosphere is less, and thus a
part of the benefit of the crop would be lost. All the specimens
in which we found a high percentage of nitrogen were those in
which there was a great development of leaf with a compara-
tively small tendency to form bulb; and we believe that the high
percentage was due to a deficient accumulation of carbon by the
plant. Whilst, then, a high percentage of nitrogen may indicate
an abundance of it in the soil, the growth of the plant has been
in other respects defective. It is probable that the full-grown
bulb of such a plant as has only a due proportion of leaf will sel-
dom have a percentage of nitrogen much higher than that which
has been usually observed ; for with an increased supply of nitro-
gen there i an excessive production of leaf, and a bulb which,
though richer in nitrogen, is not profitably developed. There is,
however, a casual advantage in having a somewhat full supply of
nitrogen in the soil for those of our turnips which are to be eaten
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late in the season ; for the plants so grown, whilst they may have
a less favourable proportion of bulb, yet, owing to the increased
vitality and hardiness which result from the nitrogenous manure,
the bulb is better fitted to stand the winter temperature without
injury. A sufficient importation of food for stock will, however,
render the purchase of nitrogenous manures for the turnip crop
quite unnecessary ; but where such manures are employed, rape-
cake will be found to afford a sufficient, and in other respects
the most advantageous, means of supply.

Lastly, it must not be forgotten that the tillage of the soil con-
stitutes a most essential element in turnip culture ; and that he
who sows his turnip-seed upon a badly-cultivated soil is only
throwing away his time and money. The naturally light and
porous nature of a furnip soil points out what are the require-
ments of these plants ; and when the necessary degree of tilth has
been obtained, and the seed sown, the introduction of air beneath
the surface of the soil by means of the horse and hand-hoe cannot
be too frequent ; for it is useless to place a large amount of dung
in the soil to be converted into the substance of the turnip, unless
the free action of the air is provided for at the same time, by
which alone the decomposition of the dung can be effected.

J. B. Lawes.
Rothamsted, November, 1847.

Nore—In placing my name to this article, I must observe that whatever
merit may be assigned to it is mainly due to the skill and talents of Dr,
Gilbert, upon whom the responsibility attending the investigation has devolved.
Those who have endeavoured to conduct with accuracy only a few experiments
in agriculture will be capable of forming some estimate of the labour which so
extensive a series requires.—J, B, L.
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