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compounds ; but when it is the result of excessive nitrogenous
manuring, the produce is then almost exclusively Graminaceous
and comparatively immatured ; and, under such circumstances, a
certain portion of the nitrogen may exist in a low condition of
elaboration, and a high proportion may, in fact, represent a
deficient accumulation of other matters rather than a favourable
development of nutritive nitrogenous substance. A percentage
of nitrogen in meadow-hay beyond that obtained without manure
or by means of farmyard-manure is, therefore, under such con-
ditions, not to be taken as evidence of higher feeding value.
The value of the manure voided by the animals feeding on the
hay, will, however, be the higher the higher the proportion of
nitrogen it contains—especially as it so happens that there is
generally with a high percentage of nitrogen a high percentage
of mineral matter also.

Produce of Constituents per Acre.

As pointed out in our former report, particular interest
attaches to the question of the amount of constituents taken from
an acre of land In the hay-crop, because very frequently the
system of restoration adopted in the case of the meadow-land
of a farm is even less satisfactory than in that of the land under
rotation ; hence it becomes necessary to impress upon the farmer
how great is the exhaustion to which his meadow-land may be
subject. !

Tables VI, V1L, and VIIL (pp. 535-6-7) show, respectively,
the amonnts of dry substance, of mineral matter, and of nitrogen,
removed per acre from each of the experimental plots, in each
of the last four years ; also the average amounts per anhum, both
in the produce and in the increase by manure, over the four years,
and over the whole seven years of the experiments.

Over the seven years, there has been removed per acre annually
from the unmanured land an average of 2358 Ibs. (about
21 cwts.) of dry substance, containing 167% Ibs. (1% cwts.) of
y 40 lbs. of mitrogen. This amount
of dry substance is somewhat higher than the average of the first

of the experiments ; ‘but it agrees very closely with,
though it somewhat exceeds, the amounts annually taken from
the land in wheat or barley grown year after year without
manure.. The above amounts of mineral matter and nitrogen
are, however, each fully one-half morve than arve removed in
wheat or barley grown under such circumstances

The unmanured produce of hay would contain between 900
and 1000 1bs. of carbon, DBy the use of ammoniassalts alone, or

mineral matter, and near]
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nitrate of soda {Llozle, the amount of carbon ay
t‘];(:] :l,)mE was lll_u.-reasel:l to something uhdér
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iy ;n i (\m, m )inlnulu:ﬂ :;:t_mtzumn;: at least twice as much
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e Ilee-l(_)l.u'tl_ls as much as the mixtures otf"
s mnd“d.ﬂ?nt(l ‘:i.npnorlm-salts which supplied none, It
o mmm_m; (;;ice:::l,t;] t'h_:.:t,‘he\'cn admitting that the car-
supply from that source “}a.ls }:Ltm-:ﬁ\:-'m‘t:; . S e
only that mineral or incombustible .'(:m‘]‘:t?t:.::::zﬁ"uess;iry" s
manures were liberally supplied. S Ree
As mentioned above, the average amount of mineral or in-

combustible constituents taken from the land w

e kst ithout manure
; over the seven years, 167} 1bs., or about 1} cwts per acre

Jer a 1 5
i ¢ ﬂl:!l:ll:)]:i.;;.s»?l‘i:e 'a]n.mun_t' removed in the crop grown by means
that by 11it;'atlé Oiiq:n{c “]as increased tq something un(-_]er, and
being, ; therefore. 1;-vjts‘111 ;1 g b omething over, 2 cwts. ; there
Sosiontas fithe ’sr_:ilj, ¢h manuring, a further drain upon the
By mea f the mi .

incoinlJu_lstlj}lilgic{t,}:](-:t i];nfcd mineral manure alone, the amount of
about 2} cwts, ; .l'blt Lllmts taken away in the crop was raised to
every Sfif:};. cr;n’stijtlllmttm llfnure 2 t:‘sclf supplied more of almost
would contain ; so t};l-:t, px 5 ept silica, than the entire produce
Bl o m-‘ . c-}(icpltmg in the item of available silica,
mulating 1;,’{,% “{-‘tﬁt With the llllln_zmured land, annually accu-
additior - .;lmm u-' e 1;11.ponant mlljmral constituents. By the
aavont of nlillp]'e:l) ia-5a) ts to the mixed mineral manure, the
B atoat 2} t‘o (l,m'ls?r:u?nts taken from the land was raised
(Plot 9), m!(l‘:tu nef;] -'Ii c r‘-“‘r't“i- Whesi_ dlie. swallee o
ammonia-salts (Plot 13)(;). “f;‘:ts:. wlhefl t-.he larger anionateof
was in these cases al e c'd ; and, as the produce
the available Sii i('-";. ra f i:}-‘mt. ()!lntn‘el_}  Graminaceous, the drain upon
here again all th; .th}- '{E.blf}ll would be very considerable ; though,
in far I.l.m':)-:n- C 11.’111 it I‘Ftl] incombustible constituents were supplind
the nd(]it?nn ];J[: nit{t AT e take“- off in the crops. By
e in s l.i..e of soda to the mixed mineral manure,
e smaller amount (Plot 14), or in the larger amount

mually removed in
or over 1300 1bs
Ty
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equal in nitrogen to the ammonia-salts of Plot 9 (Plot 15), the
(luantit}’ of mineral constituents taken from the land was some-
what less.

Lastly on this point: by means of an annual dressing of farm-
yard-manure, doubtless supplying much more of eva-el"}' mineral
constituent than was contained in the crop yielded, rather under
3 cwts. of incombustible constituents were annually taken from
the land ; and, when to the farmyard-manure ammonia-salts were
added, the amount was raised by only 43% 1bs.—that is, from
3284 to 372} 1bs., or to less than when the artificial mixtures of
mineral manure and ammonia-salts were employed.

The result is, then, that without manure the land yielded,
over seven years, about 1% cwt. of mineral constituents per acre
per annum, the amount increasing rather than diminishing in the
later years; that farmyard-manure supplying, besides other
‘matters, more of every mineral constituent than the produce
obtained by its use, gave a, crop containing about twice as much 3
and that artificial mixtures containing both mineral constituents
and ammonia-salts gave a still larger yield, even when no sili-
cates were supplied in the manure.

It is obvious, that when purchased nitrogenous and phosphatic
manures, such as Peruvian guano, or mixtures of ammonia-salts
or nitrate of soda and superphosphate of lime, are alone relied
upon for the in eased crop of hay, the drain of potass and avail-
able silica from the soil must be very great. This was illustrated

in some detail in our former report, by reference to the analyses of
the ashes of the hay grown by the different manures; and con-
firmatory evidence of the injurious effects of such exhaustion will
be found on comparing the average annual amounts of mineral
matter taken from each plot over the seven with that over the last
four years. Thus, whilst without manure, with mixed mineral
manure, and with farmyard-manure, the average amount of
mineral constituents annually taken from the land was greater
during the later years fhan during the whole period of the experi-
ments, it was (with one exception) less in the later years wherever
large quantities of ammonia-salts were employed. A similar
result is not as jyet observable when nitrate of soda has been
used 3 but, as already explained, it is probable that some of the

plants then developed would draw their nutriment from a more
and, if so, a diminution in the

extended range within the soil 3

annual yield may be only a little post] ned.
These results in regard to the mineral constituents taken from

the land in the hay crop, clearly show how important it is that

due restoration should be made, if the character of the herbage

and the amount of crop are to bhe maintained. This is best

accomplished in practice by an occasional dressing of well rotted

|
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paceous ; and that the mixtures of mineral manure and ammonia-
salts (or nitrate supplying an equal amount of nitrogen), which
gave a very much increased, and also an almost e clusively
Graminaceous produce, gave also the highest yield of nitr
in the series—even more than a mixture of farmyard-manure and
ammonia-salts, together supplying much more nitrogen,

The important question arises—What proportion of the nitro-
gen supplied in the manure is recovered as increased vield of
it in the crop ?

Proportion of the Nitrogen supplied in the Munure which is
recovered as increased yield of it in the Crop.

In our former Report, with the average results over only three
years before us, we showed that, under the most favourable con-
ditions, the increase y~Crop sce
reached, and in the average , 20 per ce
that supplied in the manure. But it was admitted that three
years was too short an experience upon which to form a satis-
factory mate on the point. The calculations have now been
made for the whole se s of the experiments,

In Table IX. (p ] 2l the actual amounts of
nitrogen per acre (lbs.), and in Table X
for 100 in manure, which were recovered ]
when known quantities were supplied, each being
both over the yield without manure, and over that by mi
mineral manure alone; and, for comparison, the average results
aver hoth the last four and the whole seven years are given,

It is obvious that, in a practical or economical sense, the only
direct gain to the farmer of nitrogen in the produce by the use
of mineral and nitrogenous manures together, is so much as is
over and above the amount yielded by the same mineral manures
when used alone. But, for reasons explained in our former Re-

deem it, upon the whole, the most consistent with what
to reckon at least so much of the nitrogen
enous manure as is over and

port, w
we know of the facts,
of the produce grown by nitrog
ove that yielded without manure, to have its source in the
nitrogen sul;plind, whether the nitrogenous manure be employed
alone, or in conjunction with mineral manure,
Reckoned in this way, Table X.' shows that, when am-
monia-salts were used alone (Plot 4), LT  per cent
nitrogen so supplied was recovered as increased yield over the
en years, and very nearly the same proportion, 27'1 per cent,,
over the last four y /ith salts of ammonia and sawdust
se the nitrogen in the sawdust, the
d ¥ ather less, but again about equal over

proportion recover 5 .
years. With the smaller amount of

the seven and the last four

.'.'H.'
i
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nitrate of soda (Plot 6), the estimated return of nitrogen

377 per cent,, and with the larger amount (Plot 7) mhxl;.r 2‘;,1(3
per cent, taking the average of the five years of its use ; ]l-. 2
over the last four years the figures show rather more 1'(.-('('. ,.”.)ut
than when tl"ze first year is included. It is worthy of r-t-:m:‘u-‘]}{‘ [t]] &
ifhc proportion recovered with the larger amount of ni’tr I?E
(Plot 7), is higher than with the corresponding amount of n; rt ;
gen i}l the form of ammonia-salts (Plot 4). 5 e

: With the same amount of ammonia-salts as was applied to

I‘]ot 4 (400 Ibs.), and the mixed mineral manure in additi
(Plot 10), the increased yield of nitrogen estimated as ‘att-ril.lloi?
able to that supplied was 465 per cent. ret‘:konilltr over )ti:._
seven, but only 43-4 per cent. over the last four years '."‘indi("n.tinu-e
t_].u::.v(:fore, that, even under these comparatively le\-‘u,urab](; coxt::
Eilt;t{)‘!ls_,l the proportion recovered is diminishing 1':111191" than
increasing from year to year. It is to be borne in mind however
not only that the silica so specially required by (J‘r:'ﬂhtiﬁ.‘tt?ﬁ&ilé
crops was not supplied in the mineral manure in question, bu
also ‘fh'fl.t the amount of ammonia-salts annually used (4100‘1133.
containing about 82 Ibs. nitrogen) was very large. It is remark.
able, too, that although when used alone (Plot 4), the ammonia-
salts gave a less return of nitrogen than nitrate of soda containing
an equal amount of it (Plot 7), yet, when used in conjunction
with the mixed mineral manure, the proportion estimated as
recovered was less with the nitrate (Plot 15) than with the
ammonia-salts (Plot 10). However, when the smaller amount
of nitrate of soda was used with the mineral manure (Plot 14)
the nitrogen estimated as recovered amounted to about 62 pn:'
cent, of that supplied ; that is, to more than in any of the exper;-
ments where the larger amounts of nitrogen were supplied
which gave larger, though not proportionally larger. amounts
of produce. ) ’ |

When to the mixed mineral manure and ammonia-salts, saw-
(1}13& or cut wheat-straw (Plots 11 or 12) was added, and their
nitrogen reckoned in the supply, the proportions estimated as
recovered are less than when they are not employed.

Where j:he (.louble or very excessive amount of ammonia-salts
was applied in the first, second, third, and seventh years
(Plot 13a), the proportion of nitrogen recovered was exactly
t_hc same over the seven years (and even more over the last
ln}lr) as where the less amount of ammonia-salts with the same
mineral manures was used (Plot 10). The increase of gross
Pmduce or hay was, however, not in proportion either to the
in ;‘casetl supply or increased yield of nitrogen; the large yield
of 1t being due to a very 11ig]1;perhnps an 6)ject.itmahly_high-"
percentage in the produce in the years in which the large amount
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of ammonia-salts was used ; in fact, it was then higher than in
any other case where mineral manures were used .in conjunction
with ammonia-salts. The Table records the results of only one
year (1862) in which, to this mixture of 800 1lbs. of ammonia-~
salts and the “ mixed mineral manure,” silicates (so much exhausted
by the hay crop) were added (136), and the figures show almost
y the same proportion of nitrogen recovered as in the same
year without the silicates (13a).
" Lastly, when ammonia-salts were added, in comparatively
small or moderate amount, to a qu:mtit}' of fil.l'l!l}‘?I.-l'(l-]‘f‘l:l]llll"G
itself containing a very large amount of nitrogen, the increased
yield of nitrogen beyond that in the produce by farmyard-manure
alone amounted, over the seven years, to only 21°9 per cent., and
over the four years to only 1 per cent. of that supplied
in the ammonia-salts. It may he further remarked that, il the
farmyard-manure employed be assumed to have been of fair
average composition, the proportion of its nitrogen reckoned as
recovered in the increase )‘ie]tf l:l!l!_}'i.lll(.l that without manu
reaches to even a still lower amount.
To sum up on this point, the average results taken over the
seven }'Eal's ar 1y t]]:lt’ \\‘il(!]l th{".'- I]itl‘il‘_ Cnous manures (::].n‘l.]“l‘)nia,-
were used alone 29'9, and when in conjunction
mineral manure 45'1 per cent. of the supplied
ed as increased yield of it in
In our former Report, then taking tl ilts of
; only, the amounts were 26:1 per cent. without,
and 46'6 per cent. with the mineral manure, The result
over the more extended period is, therefore, somewhat higher
without, and somewhat lower with, the mineral manure. When
ammon alts were superadded to an amount of farmya
manure doubtless containing nit n, carbon, and every miner:
constituent, in larger quantity than the crop it yielded (though in
comparatively slowly available condition), the increased yield of
nitrogen due to the ammonia-salts was then less than in any of the
other conditions of their u and it was considerably less over
the later than over the emlier years, It may be remarked that
nitrate of soda containing the same amount of nitrogen as that
in the ammonia-salts added to the farmyard-manure, but used in
conjunction with the mixed mineral manure, was r
to return nearly three times as much of the supplied nitrog
Before le ’fl\g the question of the amount of nitro
mated as recovered in the inerease for a given amount sup-
plied in manure; it should be observed that, inasmuch as
the whole of the nitrogen of the after-grass is not returned
to the land by the animals fed upon it, the amount will be
VOL. XXIV. 2 M
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somewhat higher than that represented by:the increase in the
hay crop merely. But were it attempted to make allowance I'm‘-
this, the results would not differ very widely from those recorded
in the Tables. For, not only would by far the larger pm]mrtic;.n
of the nitrogen of the after-grass be returned to the land, but
it would be only so much of the remainder as was t]l’le to
increase by manure, that would have to be taken into the cal-
culation. Nor are the data requisite for such a mode of
estimation sufficiently established to render any such supposed
correction at all desirable. It is, however, well to make this
reservation in regard to the figures recorded in the Tables,
It may be int ing here to observe that, in experiments with
wheat conducted over'six years, 45 per cent., and in others with
also over six years, 42'5 per cent. of the nitrogen sup-
plied in the manure was estimated to be recovered as increased
Against these amounts the average result obtained with
meadow-hay over seven years wi in parallel cases, 45°1,
which, raised by the small amount due to the after-grass, as
above explained, would show that the mixed herbage of meac
land probably gathers up within the season of applic
somewhat larger proportion of the nitrogen supplied as manure
than either wheat or bar
In our former report we directed attention to the probable
explanations of the real or apparent loss of nitrogen here indi=
ated ; and we would refer the reader to a discussion of the
subject in a paper “On the Sources of the Nitrogen of Ve
ition ; with special reference to the question whether plnilts
imilate free or uncombined nitrogen,” in the ¢ Journal of the
Chemical Society of London,” Ser. 2, Vol. 1, 1863.

Upon the whole, the evidence goes to show, that stable or
farmyard-manure is a much more perfect restorer of the con-
stituents removed in the hay-crop than those pure ased or so-called
artificial manures which, in a pl'actir'a} or economical puint of
view, can be advantageously employed. Farmyard-dung 18,
however, comparatively slow in its action, These characters
point to the peculiar fitness of such manure for meadow-land
mown for hay; and it was shown in our Report in the last
number of the Journal, that the description of herbage developed
by it was much more complex, and upon the whole superior
in quality, to' that developed by the more active artificial ma=
nures. On the other hand, provided the restoration of the potass
and silica of the hay-crop be duly accomplished by means ©
farmyard-manure occasionally applied, its slowness of action may
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he advantageously compensated by a judicious use of some of
the more active artificial or purchased manures.

In the experiments which form the subject of this paper,
the amount of farmyard-manure annually employed was 14 tons
per acre, which would doubtless contain very much more of every
constituent of the hay-crop than the produce yielded. Under
these circumstances, although the superaddition of ammonia-salts
considerably increased the crop, they gave a less result than under
any of the other conditions of experiment. 1f the same amount
of farmyard-manure, or cven less of well-rotted dung, were
employed once in four or five years, this would supply sufficient
of most of the mineral constituents for a larger amount of in-
crease than would be obtained in several years by its use alone ;
and, under such circumstances, the additional application of
mode quantities of the more rapidly active manures, such as
Peruvian-guano, or ammonia-salts or nitrate of soda and super-

phosphate of lime, would not only serve to bring into more rapid
use the constituents of the dung, but the increase of crop would be
obtained without injury to the permanent condition of the land,
and with little detriment to the character of the herbage deve-
loped.

Under some circumstances ammonia-salts, and under others
nitrates, seem to be the more active in proportion to the nitro-
gen they contain, But, as the mixed herbage of ghass-land
includes plants of very different habits of growth, seeking their
nutriment at v different ranges within the soil, and as the
nitrogen of nitrate of soda be s distributed much more
rapidly than that of ammonia-salts, it is desirable to employ a
mixture of t two manures., DBy this means the growth of
a greater variety of plants is favoured, and very probably a
greater amount of increase will be obtained within a given time
for a given amount of nit n applied.

Assuming the dung to be employed in quantity sufficic
the due r ation of the alkalies, alkaline earths, and silica, it
would, of course, at the same time supply a consid srable amount
of phosphoric ] also. But experience shows that, even when
this is done, activity of growth is frequently considerably in-
creased if direct plmsplm.t.ic manures be also (“.1:\_p|n}'r_¢d. The
phosphoric acid may be advantageously and economically applied
cither in the form of Peruvian guano, which at the same time
supplies a large quantity of ammonia or a111111<111i:}~)'i(-sltl'mg matter
and a little potass also, or as superphosphate of lime.

2 M2
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