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398 Report of Experiments with different Manures

a dressing with nitrate of soda and salt. By this means Mr. Cole-
man, who manages the Royal Agricultural College farm, has
been able to grow good crops of wheat on thin brashy and ex-
posed fields, which usually without such a dressing yielded but a
scanty produce.

Nitrate of soda and guano often contain hard lumps, which
ought to be carefully broken down before application : this is
generally neglected, to the great disadvantage of the farmer. It is
true there is some difficulty in reducing guano to a fine powder,
and there is trouble connected with passing through a fine sieve
nitrate of soda or guano ; but no trouble or additional expense for
labour should deter any one from reducing artificial manures, in-
tended to be used as top-dressings, into a fine powdery condition :
for the difference in the efﬁcacy of manures in such a condition,
and the same manures applied in a rough state, is much greater
than most people believe who have not tried the experiment.

Whilst speaking of the application of top-dressings, I cannot
refrain from observing that all artificial manures—such as nitrate
of soda, gnano, or a mixture of nitrate of soda and salt—should
not only be first passed through a fine sieve, but they should also
be mixed with three to five times their own weight of fine red
ashes, dry soil, or sand, before sowing them broadcast by hand,
or, what is much more convenient and better, by the broadcast
manure distributor. Chambers’ or Reeves’ dry manure dis-
tributor cannot be too highly recommended for sowing, in a
most uniform and expeditious manner, top-dressings of every
description.

In conclusion, I beg publicly to.thank Mr. Coleman for the
obliging manner in which he has assisted me in carrying out
the preceding experiments.

Royal Agricultural College, December, 1859.

XXI1.—Report of Ezperiments with different Manures on Per-
manent Meadow Land. By J. B, LAwgs, F.R.S., F.C.S., and
Dr. J. H. GiueerT, F.C.S.

(Continued from p. 272.)

PArT IV.—CHEMICAL COMPOSITION OF THE HAY.

Traus far it has been shown, that the produce of hay on permanent
meadow land was more than doubled by means of manure alone.
It has also been shown, that the description of the produce grown
on the manured land was very different from that on the un-
manured ; and again, that it was widely different according to
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the kind of manure employed. The proportions respectively of
the Graminaceous, the Leguminous, and the other herbage, varied
very considerably ; so also did the kind and amount of the several
plants compnsed within each of these main divisions; and so also
did the proportions of leaf, stem, and seed, and the condltmn of
maturity,

Now the Leguminous herbage generally contains about twice
as high a percentage of nitrogen as the Graminaceous. It also
varies in composition in other respects. Leaves, stems, and
seeds, differ much in composition from one another. And again,
the degree of maturity of vegetable produce very much affects its
percentage amount of certain important constituents. It will be
obvious, therefore, that the composition of the complex produce
—hay—must vary very considerably when grown by different
manures,

The object of this Fourth and last Part of our Paper is to show
the variation according to season, and manuring, in the composi-
tion of the hay grown on the different experimental plots, the par-
ticulars of the manuring and produce of which have already been
so fully considered in other points of view.

In each of the three seasons over which the experiments have
extended, the percentage amounts of total dry substance, of mineral
matter, and of nitrogen, have been determined in the produce
from each of the separate plots. The woody fibre has been deter-
mined in the produce of each of the three years of those plots,
which, in 1858, were selected for the botanical separations
described in Part III. The fatty matter has been estimated in
the produce of the same plots, but in that of the third season
(1858) only. Lastly, complete analyses of the ashes of the produce
- of five out of the seven plots selected for the botanical separa-
tions, and also of the mixed ash of the produce from all the plots,
for each of the three years separately, have been made. The-
various analytical results will now be considered under separate

heads.
DRy MATTER.

From each of the experimental plots, at the time the hay was
carted, a sackful was taken, the samples being gathered from
many parts of it. The whole of each of the specimens so taken
was then cut into chaff and well mixed. From the mixed
sample in this condition two quantities of 25 ounces each were
weighed, and in both of these the dry matter and the mineral
‘matter were determined. Other samples were at the same time
taken for the determinations of nitrogen, woody fibre, &c.

The dry matter, which alone is at present under consideration,
was determined by submitting the duplicate 25-ounce samples,



401

on Permanent Meadow Land.

i g-09 7419 . '+ em et e gag] JOqUIADA(T YO OY) JO MO UaYE) ¢ ¢ moprapy awes o) woay Kefy PAXIY
¥.68 1-¥8 §.99 C.62 ve L L4 L ] SE8 4 (e zavnﬁf —1—::.%:._9_% S 913 J0J nzﬁvm/ |LARIIRES]
e R ::\fm:., TN N ™ == T
.28 .78 Z.98 9.6 | * v ' UIUOWWY LUy puv BEE?w 1[oed 'Sq[ 001 pue ‘Qaanuey paeluwar, suop ¥1 | L1
9.28 9.38 e.18 1o S B Lol R T, . © 't aanuely prefunieg suoy, ¥1 | 91
1 : QINUBTY PIBAULIE] A\ —'E SHINUY
0.€8 1.€8 # L+98 0.6 s Bt %E TGS
' z.cg | . se o ee e eeee e ee ee gpPOQ JO MRIIN 'SA[ 0GG PUT  QINURIN [CIOUTY POXIN,, | CI
. F.98 & : teooee ot ot s ettt EDOG JO MJBINN 'SQT LT PUE .EE:NE [RIDUIL POXIN 5, | #1
9.18 L.08 6.8 (gL | *° °° ° SUOWWY SlELMY pus muﬁﬁ:sw YLD 'Sq[ 00 PUT ANUBIY [BIOUIY POXIY 5, | €T
- " _ et e ARSI AL I
8-c8 v.28 | 8.98 G-64 'Sq[ 0005 pue .eEoEE< ELDY pue mpaaE:m aog 'SqL 003 :J.EENE [eIdUI PAOXIN,, | BT
. et v jsupaeg
8.c8 8-68 | ©.i8 €44 ﬁ 'Sq[ 0003 Pue ‘CruowIry djermyy puv aeqdIng “qovo 'Sq[ 003 ANULI [EWUIY POXIN, | 1T
L.Z8 1.28 | 0-18 0.6 't ' euomuIy el pue ayeud(ng ‘qoea 'sq[ 00 ?E SOUNURIY [RIDUI POXI S, | OT
8.8 1.8 | 8-98 c.o8 | & "t JSnpAg 'Sqy 0005 PUT SOINURIY [RIRUI PAXTIL,, | 6
e | 0.00- "1 i@ e ge08 f T T P Brep it A hee "' ke QINURIN [RISUTIY POXIN ,, | 8
$® 7 o QINUBTY [CIOUIIY J0911(] PIIA\—'F SHITEY
0-¥8 8.8 _ 0.48 G.08 ettt UBR
o9 w‘mm oy .. e .. “w .e - .. ) . L) e .. ) e . .e d.ﬁaom—MOQuﬂwhamz -mﬁﬁcmm h
.. m-*.w . .. e e .. .. .. .. . s “n . e L e e .. dﬂuom*o Mw..—d-.—ﬂ—.z .mﬂ.—ﬂmNN w
1.€8 6.8 9.18 9e6L |t vttt Ct gsmpaeg sqy 0007 pue ‘eruomury sjeungy pue ayeyding ¢ oL *Sq[ 008 | ¢
9.08 1.8 L-98 GRGR i e e FRe S 't Smowwmy ey pue oyeqdng ‘yowa sqr 00z | ¥
Mﬂnﬁvw *ﬂ'ﬂnm hlhw “I:w L LR L L L . Ll . .. LR L) LS Ll .. .. Hwﬂ.ﬂﬁ?ﬁ\m imﬁ- occo w
9:¥8 L.G8 G-98 .18 | = 't 't " paanuvwu[) paepuels Jdo ‘mMedyy
6:¥8 | 9-68 | .48 | I8 [0t vt vt oc o vtoem e e ew e e e 00 e (q01d Syeo[dnp) pemuvniuf | g
ﬂ-*w a.mm ‘ —..'mw o-mw . .. “-w e -.- . “e .- - -w .. - .. .s s .. -vo.—:ﬂﬁﬂﬂng _
DINUCTAL [CIOUTL J00I1(] JNOITA\—"T SATHAY
swax e ol - 1 ’ ad ‘Quoy 19, ¢
o’ | 88T | ug8T | ogsT S el e e

‘(suorjuururioja(] ajeorjdup Jo suvay) AVI[ oY) Ul HONVISINEG AU(][ JO SADVINUOUL—"X H€IaV],

N




402 Report of Experiments with different Manures
from the rick of that year (also sampled Dec. 1858) was 83'8. The

general characteristics of the produce of the different seasons, in
reﬂrard to its percentage of Dry y matter, are, therefore, correctly
replesented in the results given in the Table in reference to the
experimental specimens.

The differences in the percentages of Dry matter in the hay,

due to different manuring, are by no means so great as those due

to variation of season or climatic circumstance. Still the general
tendency of the influence of characteristic descriptions of manure
is clearly discernible. The indications of the coincident com-
parative conditions of the produce, according to the manure
employed, are also consistent.

Up to the period at which the crops were cut, the use of ammo-
ntacal salts had the almost invariable effect of giving a produce
which contained a somewhat lower proportion of Dry matter, than
that grown under otherwise exactly comparable conditions. Such
is seen to be pretty uniformly the result, whether we compare
the produce by ammoniacal salts alone with that without manure :
that with ammoniacal salts and sawdust, with that with saw-
dust alone; that with ammoniacal salts and mineral manure,
with that by mineral manure alone ; that with ammoniacal salts
sawdust and mineral manure, with that by sawdust and mineral
manure alone; or that with the larger amount of ammoniacal

salts and mineral manure, with that by the smaller amount of

ammoniacal salts and the same mineral manure. A similar
result is observed too, in two years out of the three, where am-
moniacal salts were used in addition to farmyard manure. The
results in the Table, which appear to be exceptional to this
generalisation in regard to the influence of ammoniacal manures
upon the percentage of Dry matter of the hay taken at a given
period of the season, occur in some of the cases with the artificial
manures in 1857 ; and in 1856, in the case where the ammoniacal
salts were used in addition to farmyard manure.

Ammoniacal salts which have thus been seen, other things
being equal, to give a produce which contains a comparatively
low percentage of Dry matter, gave, it shonld be remembered,
also a much increased bulk and weight of hay over a given area ;
hence, even supposing that the description of the herbage, and
the condition of maturity of the plants, were the same where the
larger crops were grown with ammoniacal salts, and the smaller
ones without them, we should still expect that the larger produce
would dry somewhat less, exposed to equal circumstances during
the inaking. But the description of the herbage, and its degree
of forwardness, have been seen to vary very much according to
the manure employed. The produce grown by ammoniacal salts
gave a much larger proportion of Graminaceous plants than that
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grown without them, The mere flowering and seeding stems of
this Graminaceous herbage, would contain a higher percentage of
Dry matter than the leaves and younger shoots. But besides the
detached lealy matter, the larger culms grown by the ammoniacal
salts, were themselves more luxuriant and succulent, and carried
more green leaves and shoots than the smaller ones grown under
otherwise comparable conditions, but without the ammoniacal
salts,

It is obvious, then, that the percentage of the Dry matter in
such complex and heterogeneous produce as hay, is dependent
on too many coincident causes, to be of itself any unconditional
indication of the character, or degree of maturity, of such
produce.

The percentages of mineral matter and of nitrogen in the dry
substance of the hay grown by the different manures, will be
some further guide as to the comparative degrees of succulence,
or maturity, of the produce developed under the different con-
ditions,

MiNerRAL MATTER (ASH).

The mineral matter was determined by burning to ash the
portions of hay which had been dried at 212° F., and reweighed
for the determination of the dry matter. The burning was con-
ducted on sheets of platinum placed in cast-iron muflles, heated
by coke. Duplicate determinations were always made. The
mean percentages, only of the two determinations, are given in
Table XII. ; and the individual results are recorded for reference
in Tables IL., I1I., and IV., in the Appendix.

In ripened produce, such as our crops of corn, the relations of
the percentages of mineral matter in the dry substance in a
series of comparable specimens, are pretty clear indications of
the relative degrees of elaboration and ripeness of such produce.
Other things being equal, the smaller the percentage of Mineral
matter in the dry substance, the more highly elaborated, or the
riper, is the specimen. The percentage of nitrogen in our ripened
corn-crops is affected in a somewhat similar manner. Other
things being equal, the lower the percentage of nitrogen in the
dry substance, the higher, taking the average of seasons, will be
the condition of maturation of the produce.

The like generalisation appears to be more applicable to the
composition of the complex and but partially ripened produce,
hay, than would perhaps have been anticipated.

The hay-season of 1856 was wet and cold, and the produce it
yielded contained a very low percentage of dry substance.®The
hay-seasons of 1857 and 1858 were, upon the whole, much drier
and warmer, and, accordingly, the percentages of dry substance in

2D 2
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on Permanent Meadow Land. 405

their produce were much higher. Coincidently with the much
lower percentage of dry matter in the produce of 1356, there was a
considerably higher percentage of Mineral matter in the dry sub-
stance of that pr roduce than in that of either 1857 or 1858. Again,
the average percentage of dry substance in the hay was lower in
the producc of 1858 than in that of 1857 ; and in accordance with
this, the average percentage of Mineral matter in the dry sub-
stance of the ploducc of 1858, was higher than in that of 1857.
It appears then, that, comparing season with season, the general
result on this point in regard to hay, is in conformity with that
"enerally observed in the case of more equably ripened produce.
That is to say, the lower the condition of elaboration of the con-
stituents of the produce, the lower is the percentage of the Dry
substance, and the higher the percentage of the Mineral matter
in that dry substance.

So much for the results in regard to the percentage of Mineral
matter in the hay, as affected by season. We turn now, to the
influence of manuring on the composition of the hay in regard to
Mineral matter.

When it is borne in mind—that the proportion of the produce
which will consist of Graminaceous, Leguminous, or other herbage,
—that the proportion of the respective plants comprised within
each of these main classes—that the proportion of each that will
be in leaf and culm respectively—and that the condition of ma-
turity at any given time—will vary very considerably according
to the manure employed, 1i will be obvious that the variations in
the percentages of Mineral matter, due to manuring, will be the
resultants of many coincidently operating causes. On these points
it may be observed—that the dry substance of Leguminous herbage
contains on the average about 1lrd time as high a percentage of
Mineral matter as that of Graminaceous herbage ; that the dry
substance of the leafy portion of the produce contains a higher
percentage than that of the stemmy portion ; and lastly, that the
riper the produce the lower will be the percentage of Mineral
matter in the dry substance. But again, in green and unripened
produce more especially, the percentage of Mineral constituents, as
well as the actual amounts assimilated over a given arca of land,
are very much affected by the deficiency or liberality of their
supply, in available form, within the range of collection of the
growing cro

The Table (XII) shows that where no mineral manure was
employed—and especially where nitrogenous manures were used
alone, and the production thus pushed to the extreme limit of
the available supplies of the mineral constituents of the soil itself—
the percentage of Mineral matter, in the dry substance of the hay,
was comparatively low. A somewhat similar result has been
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observed in the case of corn-crops grown under similar circum-
stances. In illustration of the point in regard to the hay, it is seen
that, whilst the average percentage of Mineral matter in the dry
substance of the specimens grown without mineral manure was
6:91, that, taking the average of the cases where artificial mineral
manure was employed, was 8:01. It is true that, in those cases
where mineral manure was employed with ammoniacal salts, the
stemmy produce was somewhat less ripe, and hence, so far, the per-
centage of Mineral matter in the dry substance would be expected
to be comparatively hich. On the other hand, the produce in
these cases was almost entirely Graminaceous, and the Grami-
naceous produce itself contained a large proportion of stem to
leaf, and both of these circumstances would, other things being
equal, tend to a low percentage of Mineral matter in the dry sub-
stance. In fact, upon the whole, the evidence is pretty clear,
that the lower percentage of Mineral matter in the dry substance
of the produce grown without mineral manure, was due to a rela-
lative deficiency of available mineral constituents in the soil. The
direct influence of the supply of mineral constituents by manure,
upon the assimilation of them by this voracious crop, will be
further illustrated presently, when speaking of the composition of
the ash of the produce grown by the different manures.

Where the mineral manures were used alone, more than one-
fifth of the produce consisted of Leguminous herbage. Hence,
it might be supposed, that the percentage of Mineral matter in
the gross produce, or hay, would be higher than where nitro-
genous manures were also employed, and the produce was almost
entirely Graminaceous. « Again, where the mineral was used
without the nitrogenous manure, the proportion of the Grami-
naceous produce that was leafy was much greater than where
nitrogenous manures were also used. This circumstance, again,
would tend to a high percentage of Mineral matter in the pro-
duce grown by the mineral manures alone. But the fact was,
that the percentage of Mineral matter in that produce was com-
paratively low. The result was, doubtless, due to the fact, that
a large proportion of this produce by mineral manure alone,
was much riper than that grown by the mineral and nitrogenous
manures combined.

It appears then, that in the case of the complex and unripened
produce —hay, the description of the herbage, the character of
development, the stage of progress at which the plants are cut,
and the supplies within the reach of the growing crop, all have
a marked influence upon the percentage of Mineral matter in the
produce. The effects of different manure, in one and the same
season, upon this percentage are, therefore, at least complicated,
if not indirect. Nor do the relative percentages among a series of
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specimens so clearly indicate the comparative conditions of
elaboration and maturation merely, as they generally do in the
case of professedly ripened produce.

CONSTITUENTS OF THE ASH.

The influence of the artificial supply of mineral constituents
upon the total amount of them assimilated by the crop over a
given area of land, has been illustrated in Part II. of our Report.
The influence of such supply upon their percentage in the dry
substance of the produce has now been shown. By the aid of
complete analyses of the ashes of the produce of some of the ex-
perimental p]ots further light will be thrown on the effects of a
liberal pr0v1510n of mlner'tl constituents in the soil on the mineral
composition of the crop.

In the first Division of Table XIII. is given the percentage
composition of the ashes from the produce of five of the experi-
mental plots ; in the second Division of the Table the amounts of
each of the several mineral constituents in the average annual fotal
produce per acre on each of the plots; and in the third Division
the increase in the amounts of the several mineral constituents
obtained, per acre, in the crop, under the influence of the different
manures,

The plots selected were—the unmanured ; the one with am-
moniacal salts alone ; the one with mixed mineral manure alone ;
that with the mixed mineral manure and the smaller amount of
ammoniacal salts ; and that with the mixed mineral manure and
the larger, or double amount of ammoniacal salts. In the
case of each of the 5 plots an equal mixture of the ash of its
produce in each of the three years was operated upon. In this
way the average effect of each condition of manuring upon the
mineral composition of the crop is taken over a three-years’
continuance of that condition.

The ash-analyses were made in the Rothamsted laboratory, by
Mr. Robert Warington, jun. ; and we are glad to take this oppor-
tunity of expressing our full confidence in the accuracy of his results.

The facts which the figures in the Table disclose are very
interesting. But our comments on them must be very brief, and
be confined to their practical bearings.

It has been shown in Parts 1. and III. of our Paper, that
ammoniacal salts alone gave an almost entirely Graminaceous
produce, but that that produce was stunted, very dark green,
leafy, and not very much more in weight per acre than that without
manure. Mineral manures alone, on the other hand, increased
the weight of produce somewhat more than the ammoniacal salts
alone ; but the increase in this case was chiefly Leguminous
herbage—the Graminaceous herbage benefiting but little by this
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manure, excepting in forwardness and seeding tendency. But
the mixture of the two manures—ammoniacal and mineral—gave
an enormous increase of crop, and the amount of mineral con-
stituents taken off an acre of land, under the influence of the com-
bination, was nearly twice as great as that in the crop by either
of the manures used separately. It was quite obvious, that
wheve the ammoniacal salts were used alone, the available
supply of some of the necessary mineral constituents fell short
of the amount required for a more abundant crop. It was
equally clear, that where the mineral manures were used alone,
there was a deficiency of nitrogen available for the increased
growth of the Graminaceous herbage. The results in the Table
show that it was chiefly for its supply of potash, and next for
that of plzosplmrw acid, that the mixed mineral manure was so
efficacious in increasing the growth of the grasses, when there
was a sufficiency of available nitrogen within the soil.  They
also point to a probable deficiency of soluble silica in the case
of the heavier crops.

To turn to the figures in the Table: the most striking point
of contrast afforded by the view of the results of the five analyses
given side by side, is the very great increase in the percentage
of potash, wherever the mineral manure containing it was em-
ployed. There is at the same time always a diminution either
in the actnal percentage of soda, or in its proportion to that of
the potash, or in both these points of view. This was the case,
notwithstanding that soda as well as potash was liberally supplied
in the mineral manure. The preference of the growing plants
for potash rather than soda is sufficiently manifest. And judging
from the analogy of other crops it may almost certainly be con-
cluded that, if all the plants of the hay had been allowed to fully
ripen, the ash would then have contained but very little soda, if
any at all. The increase in the percentage of potash in the ash
where it was supplied in manure, is at the expense of the lime
and magnesia, though these constituents were also supplied in the
mixed mmelal manure. In fact the ash both of the produce
without manure, and of that by ammoniacal salts alone, gave a
somewhat hloher percentage of both lime and magnesia than even
where the mineral manures alone were used, and the produce con-
tained so much Leguminous herbage, the ash of which is richer
in lime and magnesia than is that of the Grasses proper. The
percentage of lime more p(ntlcular]v was still forther reduced,
when the ammoniacal salts were mixed with the mineral manure,
by which the growth of the Grasses, demanding so much potash,
was so much 1ncreased %

¥ It 1s seen that wherever the ammoniacal salts were employed, which consx:.ted
of a mixture of the sulphate and hydrochlorate, the amount of cilorine in the
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The percentage of phosphoric acid, as well as that of potash,
increases notably, though not in so great a degree, where the
mineral manure containing it was used.

The percentage of sulphuric acid in the ash is pretty uniform
throughout, though it was supplied largely both in the ammo-
niacal salts and in the mixed mineral manure. Whether or not,
the whole of the sulphuric acid found, existed as such in the
plant, in combination with bases, or whether, on the other hand,
there has been any loss of it, or of sulphur in some form, during
the incineration, may be a question. It is, at any rate, worthy of
remark how very much larger is the proportion of chlorine found
in the ash of this succulent produce wherever it was used in
manure, notwithstanding that this substance (chlorine) may be
supposed to be in a far less degree than sulphur or sulphuric
acid, if at all, essential to the elaboration of the final products of
the plants.*

Carbonic acid 1s seen to be in the largest proportion in the
produce grown without manure, and in that by mineral manures
alone. The Carbonic acid is the product of the incineration of
some other organic acid. Its comparatively large amount in the
ash of the produce of the two plots mentioned is due to the
Leguminous and other non-Graminaceous herbage, occurring in
large proportion on those plots. The ash of such herbage (the
non-Graminaceous) contains, indeed, little or no silica, and fre-
quently a great deal of Carbonicacid due to salts of organic acids.

The percentage of silica is, nevertheless, much higher in the
ash of the produce grown without manure than in that grown by
any of the artificial manures now in question. The percentage
of silica in the ash is the less where the produce of the Grami-
naceous herbage—which so peculiarly requires 1t—1is the greater.
And where the total Graminaceous herbage was thus the greater,
it was also in the larger proportion in flowering and seeding
stem ; and as the stem increases, so, when not in defect, does the
proportion of silica. It is true that where the Graminaceous
produce was so large, and the proportion of it that was in flower-
g and seeding stem was also large, those stems were not so

ash is very much increased. This constituent, like soda, is found only seldom,
or in small quantity, in the ash of perfectly-ripened vegetable produce, It pro-
bably serves more as a vehicle of bases, than as an essential constituent of any of
the final products of the organism. Were we to exclude it in all cases from these
ash analyses, the percentage of potash would be higher where the ammoniacal
salts were used with the mineral manure, and the grasses were so much developed,
than where the mineral manure was used alone.

* The fact, that in such highly siliceous ashes the amounts of chlorine should
not only in some cases be very large, but that the variations in amount should
have such very obvious connection with the manurial conditions supplied, is quite
in accordance with the experiments of Mr. Way, showing that a loss of chlorine
need seldom be feared when the process of incineration is carefully conducted.
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ripe as were those of the smaller Graminaceous crops ; and it is
as the Graminaceous plants progress to ripeness, that their ashes
increase so much in percentage of silica. It would appear from
these considerations, that there was a deficient supply of available
silica for the greatly-increased growth. But a better view of the
probable mineral requirements, or deficiencies, of the crop, will
be gained by attention to the actual or increased amounts of the
several constituents in the acreage produce under the different
manuring conditions, as shown in the second and third Divisions
of the Table (XIIL.).

By the use of ammoniacal salts alone, the amount of total
mineral constituents taken off in the crop is about I3 time
as much as without any manure at all. From the obvious
limit that there was to the Graminaceous increase by ammoniacal
salts alone, it is assumed that, in the case of some of the mineral
constituents of the soil, its supplies were drained to the utmost
that the range of distribution of the underground feeders of the
plant would permit. Supposing this to be the case, it is seen
that the gain in both pofash and silica was proportionally less
than that of any other important constituent. But, as soon as
potash is added in manure, even though without ammoniacal
salts, the acreage amount of it in the crop is increased in larger
proportion than that of any other important mineral constituent,
except phosphorie acid.  The silica, which was not supplied in
the manure, was comparatively but little increased in the pro-
duce. When the ammoniacal salts as well as mineral manure
were employed, the amount of pofash in the acreage produce
was nearly twice as much as when the mineral manures were
used alone: and it was from 3 to 4 times as much as when no
manure at all, or ammoniacal salts alone, were employed. Under
the same circumstances, the acreage amount of phosphoric acid
increased in almost an eqLal degree. So also did that of the sul-
phuric acid. The silica even, was about doubled ; though there
was no supply of it in manure. And, lastly, the magnesia, but
especially the Zime (though both were supplled in the manure)
increased in very much less acreage amount than the potash.

From the whole it appears, that the much less acreage produce
of hay, when the ammoniacal salts were used alone, han when they
were used in conjunction with the mixed mineral manure, was dne
to a deficiency of available potash and plosphoric acid within the
range of the roots of the crop. It also appears probable, that
there was a relative deficiency of available silica, notwithstand-
ing that the range of collection of the roots of the crop would be
conslderablv 1ncreased where the ammoniacal salts and the non-
siliceous mineral constituents were employed. "It is true that
the acreage yield of Silica was considerably increased where the
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larger crops were grown; though it was so not at all com-
mensurately with either the potash or the phosphoric acid. How
far the increased amount of Silica, such as it was, was due to its
being liberated in available form by the chemical action of the
constituents of the manures employed, or how far only to the
increased distribution and range of collection of the roots of the
more actively growing crop, we are not able to decide.

To call to mind even more clearly than by the above state-
ments how great is the drain upon the soil, more particularly of
potash, phosphoric acid, and of silica, by a heavy hay-crop, it
will be useful to quote here a few figures from the Table.

Whilst the unmanured produce contained only 321 lbs., and
that by ammoniacal salts alone only 381 1bs. of potash, that grown
by the mineral manure alone (supplying potash) contained
72} lbs., that by the mineral manure and smaller amount of
ammoniacal salts nearly 122 lbs., and that by the mineral manure
and the larger amount of ammoniacal salts nearly 133 lbs. of
potash, per acre annuall)

The phosphoric acid was increased from about 7;2— 1bs. per acre
per annum without manure, to scarcely 104 lbs. with ammoniacal
salts alone, to 161 1bs. with mineral manure alone, and to about
27% 1bs. by the mineral manure and ammoniacal salts together.

The silica amounted to 41 lbs. per acre per annum in the pro-
duce without manure, to 47} lbs. in that by ammoniacal salts
alone, to nearly 452 lbs. in that by mineral manure alone, to
302 lbs. in that by the mineral manure and the smaller amount of
ammoniacal salts, and to a little more than 73 lbs. in that by
the mineral manure and the larger amount of ammoniacal salts.

We have already prominently called attention to the fact that
the hay-crop, both from the large amount of mineral constituents
it generally carries from the land, and from the generally more
inadequate return of them by the home or other manures, is
liable to be much more exhausting to the soil than the rotation
crops of a farm. It has been stated, too, that potash was perhaps
the constituent most likely first to show a deficiency. These ash-
analyses, and the discussion to which they have led, cannot fail
to impress upon the mind of the farmer still more forcibly the
necessity of a due return to the land, at least of potash and phos-
phoric acid, if not even of available silica (which would be
accomphshed by farmyard-manule) if he would hope to obtain
anything like maximum crops of hay, year by year, by the aid of
artificial nitrogenous manures.

It has just been seen how very variable is the composition of
the ash of the mixed herbage of meadow-land according to the
manure employed. It has before been shown that the composi-
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tion of the total mixed produce, or hay, varied very much accord-
ing to season—both in regard to the percentage of Dry substance,
and to that of the Mineral matter in that Dry substance. It w1ll
also presently be seen that the percentages of total Nitrogenous
compounds likewise varied very much according to season. The
composition of the ash does not, however, appear to be so much
affected by variation in season as from the influence of the latter
on the composition of the hay in other points of view might
have been anticipated.

The much less effect of variation in season, than in manuring,
on the composition of the ash of the experimentally-grown hay,
i1s illustrated by the results given in Table XIV., which now
follows : —

TasLe XIV.—Showing the ConmrosiTioN of the Asnis of MeApow-HAy
grown Experimentally in different Seasons.

Mixed Ashes of the Produce by 16 different Manures
in each Year,
i Calculated
1856. | 1857. 1858. Mean
i (1856-7-8).

Peroxide of Iron 0°14 |  0-33 | 025 0°24
Lime . 1302 | 1213 11-92 12-36
Magnesia 3-59 | 3+93 3+97 3'83
Potash .. 2683 F 26°43 2526 26°17
Soda 640 | 7445 958 7°81
Phosphoric Acid 559 ; 5+68 552 560
Sulphurie Acid .. 6+02 7°14 7+18 6°78
Chlorine .. . 11-37 | 1215 12-25 11-92
Carbonic Acid 337 | 274 2=73 2*'95
Silica 22-28 19+93 2023 20°81
Sand .. 2-1 2 . 2:29 2+44
Charcoal 2+22 222 r 217 2+20
102-98 10302 103+35 103+11

Deduct O = C1* 2+ 56 274 2+76 2+69
Totals .. 100+42 i 100 28 100-59 | - 100-42

* See note at foot of Table XIII.

In the first column of the Table is given the composition of
an equal mixture of the ashes of the ploduce from all the e};perl-
mental plots in 1856 ; in the second column, the composmon of
a similarly mixed ash from the produce of all the plots in 1857 ;

-and 1n the third column, the composition of the mixed ash from

all the plots in 1858. The fourth column gives the calculated
mean of the three analyses.
The uniformity in the composition of the three mixed ashes,
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representing as they do the percentage mineral composition of
the produce of three very different seasons—the characters of
which differed so widely in several other respects—is somewhat
remarkable. The differences are indeed too slight to justify the
deduction from them of any very defined conclusions. Still, it
may be observed, that the tendency of the variations is to show a
scarcely mamtamed and in some cases an even diminished pro-
portion, of those constituems which may be considered the most
characteristic of the hay crop, when it is supplied liberally with
all the necessary mineral constituents. Thus, the proportion of
phosphoric acid is about equal in the three seasons, whilst that
of the lime, the potash, and the silica, show a tendency to de-
crease from year to year. The carbonic acid too, which is cha-
racteristic of the ash of the non-graminaceous part of the herbage,
also diminishes somewhat from the first to the third year. On
the other hand, the soda and the chlorine—constituents the most
of all characteristic of crude and succulent growth—increase
very obviously in their proportion in the ash from year to year.

Upon the whole then, these results, comparatively slight as
the differences are, still indicate, as did those which have gone
before, that there was a probable relative deficiency of lime,
potash, and silica ;—especially of the latter two.

With regard to the results given in the fourth column atten-
tion may be called to the fact, that the figures represent the
mean composition of the ash of specimens of hay grown under
sixteen different manuring conditions, in each of the three widely
differing seasons. The results may therefore be taken as show-
ing the average mineral composition of the mixed herbage grown
under a great variety of circumstances.

NITROGEN.

For the information of the chemical reader it may be mentioned,
that the nitrogen in the hay, as given in the Table, was deter-
mined by burning with soda-lime, and estimating by the volu-
metric method. Duplicate determinations were always made.
The individual results are given for reference in Tables V., VI.,
and VII., in the Appendix. The mean results only, are given in
Table XV. on the next page; and these will be in sufficient
detail for the purpose of our illustrations. The mitrogen was
thus determined, in the hay from every one of the experimental
plot:., in each of the three years of the experiments. The figures
in the first set of four columns (Table XV.) represent the per-
centages of Nitrogen in the jresh hay—that is, in the condition
in which it was carted from the land. The figures in the second
Division represent the percentages in the Dry substance of
the hay.
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It will be found that the percentage of nitrogen in the Dry
substance, of such heterogeneous and irregularly ripened produce
as hay, 1s, like that of the mineral matter, contingent upon many
coincident circumstances. Still, the results will show, as already
alluded to, that, other things bemO' equal, the lower the condition
of maturation of the produce the higher will be the percentage
of Nitrogen, and vice versd. .

In accordance with this general observation, the Table shows
that the season which gave the produce yielding the lowest
average percentage of Dry substance, and the highest average
percentage of Mineral matter in that dry substance (1856), gave
also a produce containing a higher percentage of nitrogen in its
dry substance than that of either of the years of higher condition
of the hay. Conversely, the second season (1857), the produce
of which showed the highest average percentage of dry matter,
and the lowest average percentage of mineral matter in that dry
substance, gave, at the time of cutting, a hay which contained the
lowest average percentage of Nitrogen in that dry substance. As
between the produce of one season with that of another, then,
the general result was, that the more matured the condition of
the hay, the lower was the percentage of Nitrogen in its dry
substance. This is in general accordance with what we have
elsewhere shown to obtain in the case of ripened crops—wheat
and barley. It is true, that in the case of the hay-crop, the object
is not a fully ripened produce. There is, therefore, of course, a
limit below which a depreciation in the percentage of Nitrogen,
the result of over-ripening, will be a disadvantage. At the same
time we believe that, comparing the produce of hay of one season
with that of another, each cut at its proper stage of progress,
that which has the lower percentage of Nitrogen in its dry sub-
stance will, taking the average of seasons, have its constituents
in the better condition of elaboration, and be, therefore, a better
food for animals. ,

The variations in the percentage of Nitrogen in the hay within
one and the same season, according to the manuring, are very
marked and interesting.

Taking the average result of the three seasons, the produce
grown on the plot manured with ammoniacal salts alone, con-
tained a much higher percentage of Nitrogen in its dry substance
than did that grown without manure. Again, the produce grown
by ammoniacal salts and sawdust gave a higher percentage of
Nitrogen than that grown by sawdust alone. When the ammo-
niacal salts were thus supplemented to the unmanured, or to the
merely sawdusted conditions, the supply of Nitrogen was in con-
siderable relative excess ; as was shown by the crrefxtly increased
produce when the mixed mineral manure was superadded.
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Under these circumstances, the percentage of the deficiently-
provided Mineral constituents was comparatively low, whilst that
of the relatively excessively supplied Nitrogen was considerably
increased. The percentage of Nitrogen was thus increased, not-
withstanding that the produce was almost entirely Graminaceous
where the ammoniacal salts were used ; whilst, where they were
not employed, it contained a notable proportion of Leguminous
herbage, the percentage of Nitrogen in which is generally about
twice as high as in purely Graminaceous produce. The high
percentage of Nitrogen in the produce grown by ammoniacal
salts without mineral manure was, therefore, due to an increased

ercentage of it in the Graminaceous herbage. This highly
nitrogenised Graminaceous produce consisted, it will be remem-
bered, in very large proportion of leaf ; it was stunted in growth ;
and was of a very dark green colour compared with the produce
where there were larger crops.

The mixed mineral manure used alone, or in conjunction only
with sawdust, gave a produce which contained a higher per-
centage of Nitrogen than either that grown without manure or
with sawdust alone. The percentage of Nitrogen under these
conditions was nearly as high as where the ammoniacal salts, or
the ammoniacal salts and sawdust (without mineral manure),
were used, which gave the stunted, dark green produce, above
referred to. But the high percentage of Nitrogen in the produce
now under consideration, namely, that grown by mineral without
nitrogenous manure, was not due to a high percentage in the
Graminaceous part of it. It was due to the fact, that the produce
grown under these conditions contained a large proportion of
Leguminous herbage, the percentage of Nitrogen in which is, as
above stated, generally about twice as high as that in purely
Graminaceous hay.,

It has been seen, then, that the mineral manure alone gave a
produce containing a high percentage of Nitrogen by increasing
the proportion in it of the highly nitrogenous Leguminous
herbage. It has also been seen, that the use of ammoniacal salts
alone, mineral constituents being in defect, gave a stunted Grami-
naceous produce, also with a considerably increased percentage
of Nitrogen. The addition of ammoniacal salts, when there was
at the same time a liberal provision of mineral constituents, gave
a very different result both as to the character and amount of the
crop, and as to the percentage of its Nitrogen.

If we compare the composition of the produce manured witl:
- both ammoniacal salts and the mineral manure, with that grown by
the mineral manure alone, or again, if we compare the produce
by ammoniacal salts, sawdust, and mineral manure, with that
by the sawdust and mineral manure without the ammoniacal

VOL. XX. 2 ®
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salts, the Table shows that, in both cases, the percentage of
Nitrogen in the produce was considerably lower where the ammo-
niacal salts were employed than in the comparable instances
without them. This lower percentage of Nitrogen in the hay,
by the addition of ammoniacal salts to mineral manure, was
partly due to the fact, that the produce grown by the mineral
manure without the ammoniacal salts, contained so large an
amount of the highly Nitrogenous Leguminous herbage, whilst
that grown with ammoniacal salts in addition, was almost en-
tirely Graminaceous. But the percentage of Nitrogen in this
Graminaceous produce grown by ammoniacal salts together
with a liberal supply of mineral constituents, was also very
much lower than that in the equally Graminaceous produce
where the nitrogenous supply was in excess; that is to say,
where the ammoniacal salts were used without the mineral
manure. Thus, taking the average of the three years, the per-
centage of Nitrogen in the dry substance of the hay grown by
ammoniacal salts alone, was 1-9 ; whilst that in the dry substance
of the produce grown by the same amount of ammoniacal salts,
but in conjunction with the mineral manure, was only 1:48.
This produce grown by the nitrogenous and mineral manure
combined, was about 15 time as great as that grown by the use
of ammoniacal salts alone ; it was of a far lighter, and more
lively green colour whilst growing ; it was far more luxuriant ;
and 1t gave a much larger proportion. of flowering and seeding
stem. Such were the comparative characters of the produce,
which contained much the lower percentage of Nitrogen. The
higher percentage of Nitrogen in the produce grown by the am-
moniacal salts without the mineral manure was, therefore, coin-
cident with a much smaller yield of hay, with a much less
luxuriance of growth, and with a much larger proportion of leafy
produce. In fact, in the case of hay, as in that of the ripened
cereal grains, a relatively low percentage of Nitrogen (within
certain limits) is, in cases comparable on the point, more likely
to be associated with a relatively high, than with a relatively
low condition, and degree of elaboration, of the constituents ;
and it is also more likely to be the result of moderately luxuriant,
than of either stunted or over-luxuriant growth.

The points last referred to, are aptly illustrated by a comparison
of the characters and nitrogenous percentage of the hay grown
by the double amount of ammoniacal salts with the mineral
manure, with those of the produce grown by the smaller amount
of ammoniacal salts and the same mineral manure. The average
percentage of Nitrogen in the dry substance of the scarcely too
heavy or luxuriant produce grown by the mineral manure and
the smaller amount of ammoniacal salts, was only 1-48 ; whilst,

fr—1
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that in the dry substance of the over-luxuriant, unevenly-ripened,
and laid and damaged produce, grown by the same mineral
manure and the double or excessive amount of ammoniacal salts,
was 1'96. It will not be doubted, that the higher percentage
of L\ltrocen was, under these circumstances, c01nc1dent with a
more crude and less favourable condition of the constituents
of the hay. It has been shown experimental]y by Professor
Voelcker, that succulent plants may contain-a part of their
nitrogen in the condition of ammoniacal salts ; and Professor
Sulhvan has more recently called attention to the apparently
frequent occurrence of both ammonia and nitric acid in the sap of
plants. We had too, ourselves, long since pointed out, that turnips
in which the percentage of Nitrogen was raised beyond a com-
paratively low amount by means of highly nitrogenous manures
were, weight for weight, of less feeding value—indeed they were
sometimes even purgative and injurious—than those having a
far lower percentage of Nitrogen, but which were in a less crude
and succulent, and a more highly elaborated condition.®

Attention should be called to the fact, that the produce grown
by nitrate of soda alone, like that grown by ammomacal salts
alone contained a much higher percentage of Nitrogen, than
that grown without manure.f Again, the addition of mineral
manure to the nitrate of soda, by which the crop was consider-
ably Increased, gave a produce containing a lower percentage of
Nitrogen than that grown by nitrate of soda alone.

Before leaving the results of Table XV., it may be observed
that, taking the average of the three seasons, the addition of am-
moniacal salts to farmyard manure, gave a produce containing a
slightly higher percentage of Vitlowen In the second season,
however, Wthh was the one of the hlo'hest dryness and matura-
tion of the hay, at the time of cuttm.q, a contrary result was
obtained.

From the whole of the results in regard to nifrogen, it would
appear, that a Aigh percentage is by no- means a safe indication
of relatively high feeding quality. In fact, in succulent and
unripened produce more partlcu]ally, it is an uncertain indica-
tion even of high amount of elaborated nitrogenous vegetable
~compound.

Wooby FiBRE.

The constituent of vegetable food-stuffs, to which the term
“woody fibre” is frequently given, is that portion which remains

* ¢ Jour. Roy. Agr. Soc. Eng.,” vol. x. (1849), pp. 306-315 inclusive.

T As the amount of nitrogen in the hay grown by the nitrate of soda, was
determined by combustion with soda lime, and estimation as ammonia by the
volumetric method, the high amount recorded in the Table could not be due to
undecomposed nitric acid or nitrate,
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undissolved after the application of such solvents as are supposed
to remove all the other vegetable compounds—namely, the nitro-
genous substance, the fatty matter, the starch, the sugar, the gum,
the extractive matters, &c. The substance so remaining generally
retains, however, a certain amount of mineral matter, the quan-
tity of which is determined by the incineration of the fibre.
The attainment of certain results in regard to the amount of this
so-called ““ woody-fibre” is, however, in practice, not a very easy
matter. It is seldom that two experimenters have adopted the
same methods for its quantitative estimation. And, although
it is comparatively easy to determine whether or not the product
of the process still retains some of the other matters enumerated
above, it is by no means so easy to settle whether or not any
portion of the substance which it is intended to include under
the term Woody-fibre, has itself been rendered soluble and re-
moved. For the results we have to lay before the reader under
this head, as well as for those relating to the Fatty matter, to
which we shall refer further on, we are indebted to Mr. Thomas
Segelcke, of Copenhagen, who kindly undertook this part of the
investigation whilst staying in the Rothamsted laboratory.

It would be out of place to go elaborately into the question
of method here ; and it is the less necessary as Mr. Segelcke
will probably publish in detail on this point elsewhere. It may
be mentioned, however, that he in vain tried to get results which
corresponded with one another when using the different methods
that have been recommended. In fact, constancy of result seemed
to be only attainable, when solvents of a constant strength were
employed, for a fixed period of time, and at a given temperature.
The necessity for observing fixed time and temperature, has been
insisted upon by Millon; and the strength of solvents which
Mr. Segelcke adopted in the analysis of the hays, as giving
pretty uniform results, was very much the same as recommended
by M. Peligot.

The method by which the results given in the Table were
obtained, was briefly as follows. About "10 grammes of the
finely ground hay were first fully dried at a temperature of
212° F. The substance was next digested for three-quarters of
an hour at a temperature, as nearly as it could be maintained,
of 180° F., in 150 septems*® of sulphuric acid, composed of one
part, by volume, oil of vitriol, and two parts, by volume, water.}

* A septem measure is that of ;};th of a pound avoirdupois, or 7 graips, of water.

+ The above is the strength of acid recommended by M. Peligot. In subse-
quent investigation Mr. Segelcke has found, that results of which the duplicates
were much more closely agreeing, and which still ranged very close to those
recorded in the Table and obtained by the method deseribed in the text, could be
insured by using a weaker acid, but at a higher temperature. So far as his expe-
riments have yet proceeded, the strength of acid which he has found to be the
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After this digestion, the whole was diluted with hot water,
filtered, and the insoluble matter well washed with hot water.
At this stage the product retained several per cent. of nitrogenous
substance, and a considerable amount of other matters which were
dissolved in the next step of the process. The substance was
removed from the filter, and then boiled for half an hour with
600 septems of very dilute caustic soda. The whole was again
thrown on a filter and well washed with hot water. A drop of
sulphuric acid was, however, added to the wash-water after the
main portion of the washings had passed off ; and the washing
was continued until the water no longer came through acid.
The matter was then washed from the filter, dried, and weighed
as woody fibre. After this treatment, the product still retained
0-1 per cent., or less, of its weight of nitrogenous substance, and
some mineral matter; both of which were determined and de-
ducted by calculation,

The individual determinations of this Woody-fibre are given for
reference in Table VIIIL. in the Appendix; and an examination
of them will show within what limits the duplicate or tripiicate
results agree with one another. It is believed that the figures
are probably very trustworthy as a comparative series, comparing
specimen with specimen as to the respective amounts of Woody-
fibre of a given degree of insolubility or induration; but they are
pretty certainly too low considered as including the whole of the
cellulose. At least Mr. Segelcke found that even Swedish filtering
paper was somewhat reduced in amount by the second part of
the process, namely, the treatment with alkali, though it was not
so by the digestion with the sulphuric acid. On the other hand,
with any less treatment with the alkali, not only higher results,
but inconstant duplicates or triplicates, were obtained ; and the
product at the same time retained a considerably higher amount
of nitrogenous substance.

As already intimated, the woody fibre was only determined in
the hay of certain plots, namely, those selected for the botanical
separations referred to in Part III. It was, however, determined
in the produce of those plots, in each of the three years of
the experiments. We are enabled, therefore, to trace the
effects of both season and manurirg on the percentage of the

best is, 1 volume of oil of vitriol to 16 volumes of water ; the temperature that
of the boiling point ; and the time ofaction a quarter of an hour, A great practical
advantage of substituting the use of a stronger acid, and a temperature below
the boiling point, by a weaker acid and the boiling point, is the ease by which
constancy in the latter temperature can be secured. Indeed, the dlsc1epan01es
such as they are, between the duplicate and triplicate determinations recorded in
the Appendix, Table VIIL, Mr. Segelcke attributes mainly to the accidental
fluctuations in practice, somewhat above or below his then adopted temperature
of 180° F.
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more insoluble woody fibre—so far as it can be indicated by
the results of the method above described. The means only,
of the two or more determinations made on each specimen, are
given in Table XVI. which now follows; and it is these to
which we shall confine attention.

The professed object of determining the amount of woody-
fibre in our food-stuffs, is to acquire some means of judging of
their amount of probably indigestible and effete material. Now,
it is sufficiently established by the researches of many able in-
vestigators, among whom we may mention Mulder, Harting,
Boussingault, Millon, Peligot, Mitcherlich, Chevreul Fremy,
Cramer, and Payen that the substance to which is given the
somewhat generic term woody fibre, comprises many modifications,
which vary from each other, in physical characters, and in
behaviour to solvents, accordmv to age, and other circumstances
of their deposition, and to the character and amount of the in-
crusting matters, and of the injected, or foreign matters, with
which they are associated. In fact, some of the modifications which
yield most easily to certain chemical solvents, seem to be sepa-
rated by almost imperceptible lines of demarcalmn, from the
admittedly more digestible starchy bodies. The two series of
bodies appear, indeed, to be mutually transformable, not only in
the laboratory of vegetable existence, but more or less in that of
the chemist also. How then, are we by the chemical analysis of a
food, to determine exactly at what point of aggregation, induration,
or protection by foreign substances, its Cellular or Woody matter
1s to be accounted as indiO'estible, innutritious, and effete? So
long as the Cellular substance is in such a condition as to be
easﬂy acted upon by chemical solvents, or to be transformable
within the plant, we may perhaps venture to assume, that it would
not be wholly refractory to the digestive agencies of anmimals., If]
therefore, it be admitted, that the amounts of matter recorded as
woody fibre in our Table, do not include the more delicate and
changeable Cellulose of the vegetable substance examined, they
may nevertheless, on that account, the more nearly represent the
proportions of the respective hays, that will be necessarily indi-
gestible and effete. In fact, although we do not at all claim that
the results do indicate the tofal cellulose of the specimens examined,
we still believe, that so far as present experience goes, results so
obtained are the best means at command for the purpose of com-
paring the specimens one with another, in regard to the relative
proportion in each of the more refractory Cellular matter. And, so
faras the substance which resists the action of solvents employed
in the degree above described, may be found to be really in-
digestible and effete, a large relative proportion would in this
point of view be ()h]ectl()nal)lc At the same time, it must be
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borne in mind, that a certain proportion of this otherwise use-
less and effete matter, is absolutely essential to give bulk, and to
ald the digestion of the other constituents of the food, especxally
of our ruminant animals,

With these brief observations on the character and relation-
ships of the substance, the amounts of which, in the respective
hays, are recorded in the Table, attention may now be directed
to the results there given.

In the upper portion of Table X V1., the percentages of woody-
fibre, or more properly of comparatiy ely indurated Cellular matter,
in the fresh hay are given ; and in the lower Division, the per-
centages in the Dry substance of the hay. The latter m(llcate the
most clear]y the differences in the composition of the vegetable
substance of the hay. Comparing the produce of one season with
that of another, the percentage of this comparatively insoluble
Woody-fibre is, on the average, considerably the highest in that of
the wet, cold, and ungenial season 1856, and the lowest in that of
1857. It will be remembered that the produce of 1856, which
shows the largest proportion of comparatively refractory Woody
matter in its Dry substance, gave a very low percentage of Dry
substance ; but high percentages of both Mineral matter and Nitro-
gen (in a questionable degree of elaboration), in that Dry sub-
stance. And conversely, the produce of 1857, which now gives
the lowest proportion of such Woody fibre in its Dry substance,
gave the highest proportion of Dry substance and the lowest pro-
portion of Riinisial o tter i Nitrogen, in that Dry substance.

It might perhaps not have becn ant1c1pate(l that the season
which gave the most crude, succulent, and ill-conditioned
)roduce would at the same time give a vegetable sub-
stance containing a high proportion of comparatively indu-
rated cellular or wood_y matter. In all cases, the specimens
were so far dried soon after they were collected, as to leave
in them only about 5 per cent., or less, of moisture; and in
this condition they were ground and preserved. And, as the
Woody-fibre determinations have only recently been made, the
produce of 1856 has had some considerable time for change,
were it liable to it. Under the circumstances of the preparation
and preser vation of the spocim(lns however, it would be difficult
to conceive of any changes that would raise the percentage of
indurated cellular matter in the remaining substance, to the
extent indicated in the Table above that in the produce of the
other years. Against the probability of such change, may be
noted the fact, that the produce of 1857 which had been pre-
served for nouly 2 years when examined, gave a lower per-
centage of this Woody-fibre in its Dry :ubstance than that of

1858 “whicl b, of course, had not been plcsene(l S0 Innu'. On the
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other hand, neither do any of our records as to the character of
the produce in the several years, or as to the characters of the
seasons themselves, lead to the belief that the produce of 1856
was either in such large proportion stemmy, or so forward, at the
time of cutting, as that of the other seasons. Should then, fu-
ture researches confirm the indications of these results, we should
have to adopt the important conclusion, that a crude and succu-
lent produce—a large proportion of whose more soluble consti-
tuents exists in a low condition of elaboration—may at the same
time have a large proportion of its more fixed constituents in the
condition of comparatively indurated and innutritious cellular
matter. Or, may it be, that, when there is a low condition of elabo-
ration of some of the more soluble constituents, so large a proportion
of these undergo chantre, 25 t0' leave the more fixed W oody matter
in larger proportion in the remaining total dry substance ?

When the observed variations in the character of the produce
are borne in mind, the effects of manures upon the relative per-
centages of the more fixed Woody-fibre in its Dry substance,
are more clearly in accordance with what would be expected
than are those of scason. Taking the average result of the 3
years, the Dry substance of the unmanured produce, contained a
comparatively low percentage of such Woody-fibre. This pro-
duce contained a large proportion of non-Graminaceous herbage ;
a fair proportion was stemmy, but it was backward, and with
these characters there 1s a low percentage of VWoody-fibre in
the Dry substance. The Dry substance of the produce by
ammoniacal salts alone, whose Graminaceous stems were com-
paratively ripe, but which contained a very large proportion of
leaf, contained at the same time a comparatively small propor-
tion of the “woody fibre.” The produce by Mireral manures
alone consisted of a good deal of non-Graminaceous herbage, and
the Graminaceous helbaoe comprised a considerable proportion
of leaf, though its stems were comp'n‘atu ely ripe. With these
characters, the percentage of the *woody fibre” in the Dry
substance was comparatively low. Where the mized mineral
manure and ammoniacal salts were used together, the produce
was, comparatively, somewhat unripe ; but it was almost cntirely
Grammaceous, and in very large proportion stemmy, and coin-
udently there is a comparatiy el) large proportion of the “woody
fibre ” in the Dry substance. The pmduce by farm-yard manure
was 1n a still larger proportion stemmy ; but it contained also a
considerable proportion of non-Graminaceous herbage. The
result was, that its Dry substance contained a comparatively
high percentage of the “woody fibre,” but not quite so high as
that where the mineral manure and ammoniacal salts were used
and the produce was more exclusively Graminaceous.
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Adopting the experimental indications which have been re-
corded, as the most trustworthy which in the existing condition
of our knowledge on the points in question could be supplied,
the result upon the whole would appear to be, that, on the one
hand, a generally low condition of elaboration of succulent pro-
duce may still be associated with a high proportion of com-
paratively indurated, and therefore probably innutritious Cellular
matter, in its dry substance. On the other hand, comparing the
produce by different manures, in one and the same season, the
more (Graminaceous, the riper, and the more stemmy, the higher
will be the proportion of the comparatively indurated Woody or
Cellular matter.

FAarTy MATTER.

In the analysis of animal® and vegetable food-stuffs, it is usual
to estimate as “Fatty Matter,” that portion which is dissolved out
from the dried substance by means of ether. In the case of
animal substances, or of ripened vegetable ones, such as grain,
the substance so determined does generally represent a fatty
matter of high respiratory and fat-forming capacity. Not so,
however, in the case of crude, unripened, vegetable produce.
In fact, in such produce, the so-called futty matter separated
merely by extraction with ether, is largely contaminated with
waxy and green colouring matter, a considerable proportion of
which passes from the animal in its solid excrements. A rela-
tively large proportion of such impure fatty substance can hardly
be regarded, therefore, as an advantage. Still, it is useful to
ascertain the amount of such matter, if it be only that, by a
careful consideration of the conditions of growth, and other
admitted qualities of the hay yielding the larger or the smaller
proportions of it, we may be the better able to form a valid
decision, whether or not the substance in question ig likely really
to indicate the high condition of elaboration of the constituents,
which a large proportion of pure fatty matter might be supposed
to do. A further reason for determining the amount of this sub-
stance, notwithstanding that we consider it of such doubtful
value, is the fact, that this mode of analysis has been adopted
with apparent confidence by most of our predecessors; whilst
an accurate separation of the several bodies which compose this
Ether-extract, would have increased the labour of analysis beyond
that which our time enables us to devote to it. Nor, is the
quantity of this impure fatty matter in hay so large, as to render
the differences in its amount of much importance in any other
point of view, than as indicating the general character and con-
dition of the produce.

The method adopted by Mr. Segelcke, in his determinations
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of the ecrude fatty matter, was to pass ether through a dried and
weighed portion of the finely ground hay, until it came through
colourless. For this purpose, he devised an apparatus, by means
of which the ether was continuously distilled from the extract,
and repassed through the substance. At the end of the first
treatment in this way, that is, when the ether passed through
colourless, the substance was re-dried in the water bath, and
then submitted to a second extraction in the ether-apparatus.
The ether was finally distilled from the total ether-extract; and
the remaining green fatty matter dried in a water bath, untﬂ it
no longer lost weight.

From what has already been said of the character of the * Fatty
matter,” the quantity of which in the respective hays, was deter-
mined by the methods just described, it would be useless to go
into much detail as to the amounts found in the different speci-
mens. [t is the less desirable, too, to do so, as the circumstances
and extent of its occurrence will be sufficiently brought to light,
in taking the summary view of the composition of the different
hays, with which we now propose to conclude our Report. The
individual determinations of the Fatty matter will be found in
Table IX. in the Appendix; and the mean percentages of it
are embodied with those of the other constituents in Table
XVIL., to which attention is next, and lastly, to be directed.

SUMMARY OF THE COMPOSITION OF THE HAY.

In Table XVII. is given a summary view of the collective
composition of the specimens of hay grown in the Third Season
(1858), on those plots the produce of which was selected for the
botanical separations. In the upper Division of the Table, the
percentages of the several constituents in the fresh hay as carted
Jfrom the land, are given. In the middle Division, the percentages
in the Dry substance of the hay are given. And in the lowest
Division, is a summary statement of the general description of
the herbage on the respective plots. The means. are thus
afforded, of considering the chemical composition of the re-
spective hays, in connection with the other known characters of
the herbage. The constituents given are—

1st. Nitrogenous substance.

2nd. Fatty matter.

3rd. Woody-fibre.

4th. Other non-nitrogenous vegetable compounds.
oth. Mineral matter.

6th. Total Dry substance.

7th. Water.
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A few brief remarks should first be made, as to the character
of the several substances represented in the above enumeration.

Nitrogenous substance.—The most practicable and usual mode
of getting at an approximate estimate of the total amount of
Nitrogenous compounds, in vegetable or animal food-stuffs, is to
determine the amount of nitrogen, and calculate from it the.
amount of Nitrogenous substances, on the assumption that they
consist of the so-called proteine compounds. Adopting this
assumptmn the amount of Nitrogen has only to. be multlphed by
63, to 0'1ve very nearlv the amount of Ni 1trogenous prommates
that 1t would xeplesent. This 1s the method which, from con-
venience, we have adopted. From what has been said under the
head of Nitrogen, however, it will be obvious, that this mode of
estimation affords, more particularly in the case of succulent and
unripened produce, at best but an uncertain indication of the
amount of elaborated and nutritive Nitrogenous compound. The
so-calculated Nitrogenous substance may, in fact, not only include
a quantity of matter in a low condition of elaboration, but even
ammoniacal salts. It will be understood, therefore, with what
degree of reservation the recorded amounts of  nitrogenous
substance” must be taken, as indicating the probable amounts
of nutritive proteine compounds.

Fatty matter.—The substance given under the head of Fatty
matter, includes, as has been already explained, a quantity of
waxy and green colouuno- matter, and must not be taken there-
fore as representmﬂ' pure f'ltt) matter of high respiratory and fat-
forming capacity.

IWoody-fibre—It will be borne in mind, that the substance
recorded as Woody-fibre, is not supposed to include the whole of
the Cellular matter in its various modifications ; but only that
amount of 1t which seems to possess a certain fixed degree of
persistence, on the application of such solvents as are required to
remove the other compounds. It is possible, however, that at any
rate the easily changeable, and easily dissolved portions of the
Cellular substance, may be amenable to the digestive organs of
animals.

Other non-nitrogenous matters—The substances put down as
other non-nitrogenous matters, are all thosc which remain after
deducting the Nltrogenous subbt'm(c the ¢ Fatty matter,” and
the “ Woody-fibre,” as above (lcﬁned and also the ¢ Mineral
matter.” They comprise probably st'u(‘l: dextrine, gum, sugar,
and certain extractive matters. They wnll also mdude so much
of the more easily changeable Cellulose, or Cellular matter, as
may have been dissolv ed by the re-agents required to remove all
the other matters, in the process aduptod for separating and
estimating the so-called “ Woody-fibre.” The characters, and



429

on Permanent Meadow Land.

= 00.001 00,001 00,001 00.001 00.001 00,001 00.001 | 00.001 ‘
oS al.% RC.1 86.0 LL.O 8¢C.8 ce. g co.e e o = .33.:2 I[LIOFI A uUIUIIIPUT PuR ‘Spaay pappays
. ” aF.0L co.L hn._u_. Ga. 1 st ¥1.9 A .l.m.w i ” “ “ ” ) i -. nr—rw& M hn—n:;..v-n.!rﬁ_.hvm— f::.-:.ﬁ:...;”__ —-f
: 3L | OL.% < 68,66 0a.3 Gl.g PAWIO] SnouIwIN&AS" |
= €0.61 16.L1 i LoTa $9.63 06.5S ; C§.ca s s e s e s s st 3NPOXJ AJEOT] SNOSOBUILIELL)
= 29.¥9 9L.69 80.€0 99.3L SL.aF 16.¢ _ €5.06 oot % Tt PI93S IO JOMO|] SulEd(] SUId}S SN0IBUIIUEIE)
SRl a3 jo uonduosac oy Jo Juaumajeys Anwmng—-g :
| _ | 7
bl 00.001 00.000 | 00.001 00.001 00.00T | 00.00T | 00.001 ; 00.001
7.9 ohL L8 | g6l L8.L o B BT T Z T P AL £h (200 § ot
. L5.0¢ EF.GF ﬁ 6E.1G FG.OF 80.0¢ A CG.6F LL.0C * al.84 A .:.m:w .:u.——.unu J.ESGQEOO 03.3@.:.:.% n:ocvbo:‘,Z-r_o: 19130
= RC.83 or.62 | L6.88 08.65 LE.63 7 Ll .wm m.m:_.m | ww L8 + v :._:mvw%“ mﬂ_ﬁw__z
e 80.8 GEF 6.4 €6.4 v 86.6 Gobl 38 Sl St ol B s G o BIIX G s
'y 29.01 $9.6 _ @8.8 98.£( 8C.6 I & ) ¢g.3l L&.01 QNS JIN UT°N CL8.GT SUIUONDAL ‘g0 X *N) 99UEISUS SUOUIS0NIN
- 7 - s e ————————— —_—
AR 913 JO adurIsqNg h_: J_S ur u:ud Jad worgisoduwon—'g
| | | i
2 00.001 00.001 _ 00.001 00.001 | 00.001 | 00.001 _ 00.001 ‘ 00.001
e £8. 91 08.L1 _ 0p.Cl 0861 _ 064 L1 | OF.FI 0681 | of.%1 i m r ._a SEMOTH
08.68 L9.E8 0L.28 00.78 0L.08 | OL.as | 09.68 01.F8 | 06.64 *or s s v Joumgsqns AN B,
3L<C ¥a.0 PL.O L0 c8.0 | €¢.9 ﬁ 8p.9 FI.G 0L.S e e T T e e NS S R AL Vhwuwﬁ,..:___sdmﬁz
- 80.aF C8.0F (p.EV 8G.18 “ 00.1F ﬂ 8L.GV OL.&¥ £0.CP ' A ..hmw: .;o:ﬂunv mﬁZﬂO;EOU wﬂﬁ—ﬁumm& A nﬂoﬁnr.o.:_z.ﬂo: J91[30)
Lol RE | EE O BE | RE | AT 8P | BF | BF - G o A
i 8C. & 08.% BP.3 9.3 66+ C.& £ L8.3 9 L ol A O A . /
27 18.8 00.8 EFom LL.OT ﬁ LR.L 8.8 6£.07 8.8 Cqug N ur” L GLY.GI BUIUONIDI °g,0 % * N)IoURISqUS SNOUIHOTIN
Loy ;.f .~ ,:3 ur “juap)y Jod woryrsodwony—-1
CLTIoI) | Cotgord) | Ceriord) | Corioldd | ('8 10[d) n P30l | (1301
SIS 189 | gy
‘1__:0:.:»—4 1.3@“%-._@:.:
*REIT sIes “auory £3yuend ‘wy puv (SRInuv g ‘auoqe
‘aquava(y | [HIBIUOIE oIqnop Pu¥ oinuepy | IBPUWINL | 'BUS (@O *paInume
w—U_.n :ﬂ.m-m.‘ aE< ;umbf -mwh—.-ﬂﬂhﬁ :_—mhh-u—u& | ‘uQZm—@ " |£m=OEE< I—.-: )
10 300 0 | [BI2UITy POXTIN ‘SINILLLLSNOD
T mopeagy f POXIK ,, st
auius ! - 1k -
woxy Avp SR B L y q >
paxiy oanuey prefurey saInuey [RoynLy

"SLOT TVIENHNIUTIXT AUELDTTHES WO AVII

TUOVAUA]] QUXI 01} JO ‘NOILAIUOSI([ PUt ‘NOLLISOAIWNO[) 9} JO MHUIA HAILOATION—'[TAX @14V ],




430 Report of Experiments with dgﬁ'ere)at Manures

the feeding capacity, of the matters grouped together under this
head, will probably depend much upon the condition of the hay.
The worse the condition of the hay, the greater probably will be
the proportion of them, which will consist of the ill-defined
“ extractive matters.” ,

Mineral matter.—The so-designated Mineral matter, is that
which remains as ash, on the incineration of the hay It is
needless to say that Mineral constituents are essential in the
food of animals. In most vegetable foods, however, they gene-
rally exist in a larger propmtion to the other constituents than
they are probably 1equ1red ; and hence their large amount in
any food is no criterion of high feeding value. On the contrary,
as, in comparable cases, a hlcrh percentage of Mineral matter is
generally coincident with a low degree of elaboration of the
collateral vegetable substances, the “smaller percentage among
a series of specimens of produce of like description, will most
probably be associated with a higher relative feeding capacity.

The proportions of these several constituents, in the hay
grown by the different manures, may now be briefly noticed.

The unmanured hay contained a notable proportion of Legumi-
nous, and other non-Graminaceous herbage ; and the Grasses them-
selves were stunted. Under these circumstances, the Dry substance
of the hay contained a medium percentage of the calculated
Nitrogenous compounds, and comparatively a very small propor-
tion of the estimated Woody-fibre. Comparing the produce of one
manuring condition with that of another, in one and the same
season, a low percentage of indurated Woody-fibre indicates green-
ness and immaturity. Coincidently with this, the unmanured
hay shows a 1elat1ve1y high amount of the impure Fatty matter.

The produce grown by ammoniacal salts alone, contained a
_very high percentage of Nitrogenous compounds, or at least of
Nitrogen in some form. This was due, it will be remembered,
not to a large amount of Lecummous herbage, but to the cond1—-
tion of the almost exclusnely Graminaceous hay, which was
stunted, dark green, leafy, and backward. The Dry substance of
the hay having these characters, at the same time contained but
a small proportion of the comparatively stable Cellular or Woody
matter, but the highest amount of any in the series of the green
impure Fatty matter. The fact, that the highest percentage of
this merely ether-extracted substance, was found in this stunted,
dark-green, leafy, and backward produce, may perhaps be taken
as some indication, that a relatively high amount of Fatty matter
as so determined in succulent produce, does not really represent
a high amount of pure fat of the high feeding capacity which
that substance is assumed to possess.

The produce by mineral manure alone, which contained the
highest proportion of any, of Leguminous herbage, nevertheless
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contained but a moderate percentage of Nitrogenous compounds.
This arose from the fact, that the grasses, which still constituted
by far the largest proportion of the produce, though meagre and
stunted in O*rowth were still comparatively for ward, With these
characters, "the percentage of the so-called Woody-fibre is com-
paratively high, and that of the impure Fatty matter is compa-
ratively low.

The produce of the plot manured with the mineral manure and
the smaller amount of ammoniacal salts was bulky, almost wholly
Graminaceous, and very stemmy. Consistently, the dry substance
of this hay contained a very low proportion of Nitrogenous com-
pounds, the lowest amount of any in the series of the green Fatty
matter, and a high percentage of the more fixed Woody-fibre.

The mineral manure, together with the doulble and excessive
amount of ammoniacal salts, gave an over-luxuriant, succulent, and
unevenly ripened, but stemmy and almost exclusively Gramina-
ceous produce. To the former characters may be attributed a
very high percentage of the calculated Nitrogenous compounds ;
and to the latter a somewhat low percentage of the impure Fatty
matter; and a high one of the Woody-fibre. The percentage of
the green Fatty matter is, however, as would be expected, higher
than in the produce grown by the mineral manure and the
smaller amount of ammoniacal salts. The remainder, desig-
nated as * other non-nitrogenous matters,” 1s less in this over-
luxuriant produce than in any of the other cases.

The produce by farm-yard manure alone, comprised a moderate
proportion of Leguminous and other non—Gl aminaceous herbage ;
but, on the other hand, its Graminaceous herbage was in very
]arge proportion in the condition of flowering and seeding stem.
Consequently, the Dry substance of the hay contained a low
percentage of the Nitrogenous compounds, a low percentage of the
impure Fatty matter, and a high percentage of the Woody-fibre.

The hay grown by farm-yard manure and ammoniacal salts
together, comprised a larger proportion of non-Graminaceous
herbage, than that grown by farm-yard ‘manure alone ; but, the
Graminaceous herbage itself was in as great a proportion stemmy.
The result was a hay containing in its dry substance, a consider-
ably higher proportion both of the calculated Nitrogenous com-
pounds and of the impure Fatty matter, and at the same time a
high percentage of the Woody-fibre.

The general result, comparing the produce by the different
manures in one and the same season, seems to be, that the more
the produce is Graminaceous, the more it goes to flower and seed,
and the more it is ripened, the higher will be the percentage of
dry substance in the hay. Under the same circumstances, the
higher will be the percentage of the comparatively indurated,
and therefore probably effete, Woody-fibre ; and the lower will be
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that of the caleulated nitrogenous compounds, of the impure
green fatty matter, and of the mineral matter in the Dry sub-
stance. On the other hand, in a large proportion of the non-
Graminaceous herbage, ovel-luzurmnce, succulence, a large pro-
portion of leaf, and unripeness, are likely to be associated “with a
small proportion of the more refractory or effete Woody-fibre,
but with a large one of nitrogenous substance in a questionable
degree of elaboration, a large one of impure fatty matter of doubt-
ful nutritive capacity, and a large one of the mineral matter also,
in the Dry substance of the ha)

This subject obviously throws open a wide field for future
investigation. And, if we consider, not only the very complex
character, in so many points of view, of the substance included
under the term—~/ay, butalso the inadequacy of the data, although
so voluminous, which we have collected and recorded in the
course of our long Paper, it will be at once apparent, that it
would be inconsistent with a proper spirit of inquiry, to attempt
to do more than draw attention to the prominent indications, and
leading directions, of the experimental evidence that has been
adduced. There will, nevertheless, be much really gained, if a
clear 1dea be convey ed of the mult1p]1c1ty of circumstances, upon
which must depend the proportion, and relative feeding value, of
the various chemical compounds of which the complex produce
is madeup. It will, then, be understood—and it is very important
that it should be—that even supposing there were no question as
to the proper relationship to one another, of the different con-
stituents of our stock-foods, it would still be impracticable to
get a true and unconditional estimate of comparative feeding
value of erude wvegetable substances, by the simple determination
of the percentage amount of one or two important constituents,
as 1s frequently assumed to be suflicient for that purpose. The
next step in advance in these inquiries can only be attained, when
our knowledge of the proximate compounds, of lower or of higher
condition of elaboration, into which the ultimate constituents of
our food-stuffs are grouped, has been much extended, and when
the digestibility, and applicability to the purposes of the system,
of these various proximate compounds, have been experimentally
determined.

For the general conclusions in regard to the other separate
Sections of the subject into which our Repolt has been divided,
the reader is referred to the concluding portions of Parts I. ll.,
and I1I. respectively, as follows : Part T.—vol. XIX., pp. 571-3;
Part 11.—vol. XX, pp. 245-6 ; and Part [1I.—vol. XX., p. 272,

of this Journal,
APPENDIX,
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