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XXIX.— Further Report of Experiments with different Manures on
Permanent Meadow Land. By J. B. Lawses, FRS,, F.C.S
and J. H. Grueert, Ph.D,, FERS, F.CS. e

Tue object of the present Report is to give an account of the pyo-
duce of hay per acre, the chemical composition of the ha : lzm.;[
the amount of certain constituents removed from the land, in the
fourth, fifth, sixth, and seventh seasons of ‘experiments on the
appl‘l(ral.'mn of different descriptions of manure, each upp]ieti
(with some few ex or modifications) year after year an
the same of a series of plots of permanent ‘meadow land. The
al points in the first, second, and
third years, an ation in the description of 'l"I]::nt_v}
dev '-}npml in the third year, we given in v . and xx, of this
al ; and in the last Number (vol. xxiv., part 1) a detailed
ount of the description of plants d loped by the different
in the last or snth season (1862), wa ‘aiven.

proposed to give the numeri al results obtained during
the four years in regard to the points in qu ion in some
detail, but to comment on them much more hriefly than it was
found desirable to do when treating of the subj “for the first
time, in the Report above Wluded to, to which we would refer the
reader for a more detailed consideration of some of the points now

discussed more bri :

C d summary
riments, side e with those of the later
» course of our cc ents frequently compare the
ie r results.

The following is a detailed statement of the manuring of cach
plot; and, unl otherwise d, it has been the same ev
year :;.'111('.& the commencement of the experiments in 18 3, The
quantities per acre are '

o
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Plot 1. Unmanured.
Plot 2. Unmanured (duplicate plot -at ‘the further end of the

= = e
Plot 3a. Superphosphate of lime ; composed of 200 1bs. of bone
ash, and 150 1bs. sulphuric acid of sp. gr. 17. 4th
season (commencing in 1¢ : sawdust alone the
l}]l'f?c 1’)1‘(‘.'-".;_{)“5 }'(3(11'5. i
Plot 3h. Superphosphate of lime; and 4 Ibs. ammonia-salts
(equal parts sulphate and muriate of commerce, sup-
82 Ibs. nitrogen per acre). 4th seasont
30 ); the three previous seasons
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Plot b 400 1bs. ammonia-salts, and 2000 1bs, sawdust.

Plot 6. 279 Ihs. nitrate of soda of commerce (containing about
_ 1bs, nitrog 1enci )

Plot 7. S

Plot 8. Mixed min e, composed of—

= 300 1bs. sulphate of potass.

200 lbs. sulphate of soda.

100 1bs. sulphate of magnesia.

Superphosphate of lime, as above.

Plot 9. Mixed mineral manure, and 2000 1bs. sawdust. (The
mixed mineral manure as plot 8 to 1861 inclusive,
and in 1862 the sulphate of potas
amount of sulphate of soda raise i

Plot 10, Mixed mineral manure, as plot 8, and 400 1bs. a
salts. »

Plot 11. Mixed mineral manure, as plot 9, 400 lbs. ammonia~
salts, and 2000 lbs. sawdust.

Plot 12. Mixed mineral manure, as plot 8, 400 1bs. ammonia-
salts, and 2000 lbs. cut wheat-straw.

Plot 13¢. Mixed ‘mineral manure, as plot 8, and 800 Ibs.
ammonia-salts, equal about 164 Ibs. nitrogen (only
400 Ibs. ammonia-salts in 1859, 1 361)

Plot 180, Mixed mineral manure, as plot 1 : 33
the same, with 200 lbs. da and 200 Ibs.
silicate of lime in addition, in 1862, and 800 lbs
ammonia-salts (only 400 1bs, ammonia-salts in 1859,
1860, and 1861).

Plot 14, Mixed mineral manure, as plot 8, anc 275 1bs. nitrate
of soda. 5th season (commen

Plot 15. Mixed mineral manure, as plo
of soda. Hth season (commencing in 1858).

Plot 16. 14 tons farmyard manure.

Plot 17. 14 tons farmyard manure, and 200 1bs. ammonia. salts.

]

h vear has always been mown for ha
g . off by sheep, once or twice as mig
required, a certamn number, according to the amount of gr
being folded on each plot, and the number of days occupied in
its consumption noted.

Produce of Hay per acre (Furst Crop).

In Table 1. (p. 530) are riven the (uantities of hay obtained
per acre t crop) from each plot in each of the four yea I
18 , and 1862; also the average annual produce, and

by manure, Over the four and over the
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whole seven years of the experiments (1856-1862 inclusiy
It is, of cours matter of much interest to consider 1:3)]3
only the actual amounts of produce, or of increase, obtair 2 fron
each of the differently . manured plots, but also, whetl
amounts increase or diminish year by !
yroceed,

from
r the
ar as the experiments

The duplicate unmanured plot, which was somewhat shaded
from the afternoon sun, gave each year rather more produ-ce
than the other. Taking the mean of the two, the average
annual yield of hay per acre, without manure, was, over the
whole seven years, nearly 25} cwts., and over the last four
years rather more than 26 cwts., showing that there is as yet
no indication of progressive deterioration where only the natural
produce of the soil and season is taken from the land. Nor is
there as yet evidence of material falling off in gross produce in any
case where artificial mineral manures were employed, notwith-
standing that none of those used supplied every mineral or inor-
ganic * constituent taken off in the increased crop. The details

terms “mineral” or “inorganie,” as applied to the constituents of

manures or crops, are, for convenience, employed throughout this paper to

designate the incombustible or * ash constituents,” they having been erally

emp 1 in this restricted sense by Liebig and most other writers on agricultural
e

chemistry during the last twenty years or mo in his recent work
leitung in die Naturg e des Feldbaues, p-
iles such o classification as unsecienti
as anures, and acenses Mr. Lawes c tting up, in opposition to his
own, & theory according to whi i or inorganic manures should contain
only incombustible I 5 ) i ation, he gives, in
a separate parg h, and in italic verrsehrift), the sentence as
quotation from Mr, Lawes’s paper on ¢ Agrieulturnl Chemistry,” vol. viii. p. 240,
this Journal
“ Manures are generally divided into two el organie and inorganie:
anic manu those which are able of yielding to t! ant, by decom-
position or otl , carbon, h n, and nitrogen, Inorganic manures Are
those substances ! -l ingredients of which the ash of plants
is found to —[Translation.] §
: I'f.aIlt::\ring is the pass it really stands at the pa
big, and the portions given in capitals are those which are ¢
: g in his professed quotation :—
“1 Now COME "0 THE ACTION OF manures, WHICH ave generally divided into
organic and inorgar ALTHOUGH THIS DISTINCIION 18 BY O
SATISFACTORY, | SHALL ADOPT IT AS BEING GENERALLY UND 001
Organic manures ho . le of yielding to the plant, by decom-
i, OXYGEN, and nitrogen
; 's DERIVE ORIGINALLY ¥nod THE
Inorganic manures are those substances which contain the mineral
dients, of which the ash of plants is found to consist.” .
then, in this which was Mr. Lawes's firs v, the classification which
him of originating i y ¢ already at that
e ! stood,” and with a dis rotes , 15 ¢ by no means
actory [et, in order to fix the origination of the distinction upon Mr.
Lawes, Baron Liebig joins together disconnected parts of a passage, and giyes
them, in a separate paragraph, in italics (Sperrschrift), and between unbroken
inverted commas, omitting (besides less material portions) an entive sentence
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given in our paper in the last Number of the Journal do show,
however, that the ¢ iption of plants developed has, in most
been much changed, and in some deteriorated, under th

ly disproves the truth of the allegation in support of which the
on is brought forward! Having thus mox Mr, Lawes’s sen-
uit the requirem i foes
doctrine of the pr
one which contained only the ash-cons
ition of which ammonia-salts, as belon
y be sure, in every chemical manual ar i
inorganic substances, since they are objects of chen
manufacture, whils iic matters cannot be produced by man; and this fae
might well have led to the suspicion that ammonia was not neces
from an inorganie manure. The agrienltural chemistry of the p
evidently a peculiar chemistry, which had no connexion with or( L
and thus lis ry might well find some justification ding to my theory
1 obviously tovk another peint of view. Mr, Lawes, indeed, mentions in his paper
(p. 21), that my manures smelt of ammonia, and hence contained an ammonia-
galt; but he implied that this might be a litt i in order to give to my
manures acy which, aceording to his interpretation of my theory, they
should not y :5.”"—[T'ranslation. ]

The following quotations, taken from severnl of Baron Liebig's works, will
gshow whether he has not been ustomed to use the terms * mineral” or
« inorganic” to designate the incombustible or ash-constituents, and to distinguish
these from * ammonia,” “ ammeniacal salts,”” * atmospherie constituents,” &c.
The italicising is our own :—

« The mineral constituents act, as is shown by the produce of the unmanured
land, withouta tificial supply of ammonia.”

"he ammonia inereases the produce only if the minoral constituents be present
in the soil in due quantity, and in an available form.:

“ Ammonie is without effect if ral constituents are wanting. Conse
quently, the action of ammoniv is limited to the acceleration of the action of the

ral constituents in a given time."—Prineiples, pp. 86-7 (1853).
. .. . the other is the action of sulphate of emmonic as o golvent for
certain important mineral constituents of the soil."—Ib,, p. 89 (1855).
“ Ammonia, when used wure alone, and when there is o want of mineral
constituents in the soil, is like the spirits which the labourer takes in order to
¢ his available labour, power, or imagination; and, like that stimulant, its
getion, in this case, is followed by a corresponding exhaustion,”—Ib., p, 106 (1855).
ence it is quite certain that in our fields the amount of nitrogen in the
is not at all in proportion to the quantity supplied in the manure, and that
the soil cannot be exhausted by the exportation of products containing nilrogen
(unless these products contain at the same time a large amount of m i
) use the nifrogen of vegetation is furnished b ;phe
by the so Hence also we cannot a ent the fert b ields, or tl:pir
powers of production, by supplying them with manures rich in nitrogen, or with
ammonia salts alone, The crops on a field diminish or increase in exact pr tion
to the diminution or increase of the mineral substances conveyed to it in manure."
—4th Ed Ly P 210 (18477),

¢ But, at the same time, it is of great importance for agriculture to know with
certainty that the supply of «a iic is unnecessary for most of our cultivated
plants, and that it may be even s if only the soil contain a suff
supply of the mineral food of plants, when the ammonia requir 1 for theird

nent will be furnished by the atmosphe " —4th Edition, p. 212 (213),
A fortile soil must contain in sufficient quantity, and in a form adapted for
assimilation, all the fnorgan aterials indispensable for the growth of plants,

“ A field artificially preps or culture containg a certain amount of ¢h
ingredionts, and also  of ammoniacal salfs and decaying vegetable matter.
4th Edition, p. 169.

« The meaning of these sentences in my work is this: ¢ that ammontacal salis
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influence of the different manures; and those given further <
relating to the chemical composition of the hay and I.<:I> ﬂi“
amount of constituents removed from the land, will lead to 1.11:
conclusion that some of the manures have so forced the crop a
materiglly to reduce the availab fore within the soil o D1
constituents which the manures themselves did not supply. Oy
the other hand, even with 14-tons of farmyard manure per acre
per annum, doubtless supplying annuall Ly 11111(]1 more of ¢
mineral constituent than would be removed in the crop, the

of inerease is very little higher during the last four than during
the whole seven years of the experiments:

With ammonia-salts alone (Plot 4) there has been an average
increase over the seven years of about 8 cwts., and with ammonia
salts and sawdust (Plot 5) of about 9 cwts. of hay per acre per
annum ; but over the last four years, of only about 53 cwts. with
ammonia salts alone, and about T4 cwts. with the sawdust in
addition, It is obvious, therefore, that, when ammonia salts
were used year after year without mineral manure, there was an
undue exhaustion of the mineral constituents of the soil. That
this was so is confirmed, not only by the fact of the deteriorated
character of the herbage, as shown by the results of the botanical
examinations recorded in the last Number of the Journal, but
also by the evidence relating to the chemical composition of the
produce.

alone’ have no effect; that, in order to be effi
by the mineral na-‘n‘m'u.‘s, and that the effeet is tilun P
—uot of an but of the mi sul P
“ These two paragraphs ave altogetl
that the min constituents are indispensable to pf:]m: Tow can he 0 untain that
3 i constituer replaceable b 1 that by
of ammonia we can altogether : 3

d in agr e, ¢ \Tin g » constis
L the pr al action of s upon the umonnt of
wal food 50 nee for the growth of cultivated piuul&-. it follows, that we
i 1 food {JK wild pl or, in other w ‘l WITH
s own; for, lhem., plant | rnt‘d
vih, a8 cultivated plants themselves.”

: ghtor mnmmt e crops is in proportion to the quantity of food
of both kind 18} nd sral, which is pre in the soil, or cor o 1o
it in the same time, By manuving with ammoniacal salfs o soil vieh in available
ops are uu-nupulml in the same way as th vounld have

d the Iu‘upmtlr\n of ammonia in the nir.,—Principlés;

nt to show whether or not Liebig is ju tified in
ieulturel discussions, upon 1]10 more: strictly
sei 1lliw meaning of the terms “mineral " and * inorganie,” so as to 1 lude
within them llmlnnnl:l,' “ ammoniacal salts,” “ atmosphe constituents,” &0y
ve o new definition to his mineral theory, or rather substitute at this

i us, another not his oWk
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The oxpvmmnls with nitrate of soda (Plots 6 and 7) were
s later than those with the other manures, so

that we h ave thL I aulta nl nul\ five instead of seven yearstorecord.
i 1ts alone, however, we have, so far,

\ ul' 111‘(':1-'1'05:11\ , increase than decrease of annual

also, as yet, rather more of produc 3
n amount of nitrogen applied in the form of mtuto

of soda (Plot T), l]mn from an L‘lilldi amount in the form of
ammonia salts ll’lnt The description of plants developed
was, mo ey ifferent in the two cases. These results
may be partly due t e fact that soil having less power to
absorb and retain the nitric acid of the nitrate than the ammonia of

the ammonia-salts, the former would probably be more rapidly
in the :,ml, and hence minister to the wants of plants
se roots take a wider range than those of the plants most
Lenefited by 'umunm.-. salts
The experiments with superphosphate of lime alon Plot J:r),
and with superphosphate of lime and ammonia-salts {l’]ut
were commenced three years later than n of the othe
the results recorded re produce of four years onl
wge annual increase with the snp{*lp[|0-iﬂmic of lime
little more than 2 cwts, of hay per acre ; and the pre
fluctuated, from year to year, much in the same de
that without manure, excepting that in the fourth season
the produce scarcely excee ed the average without manure,
The addition of ammonia-salts to bup[-xpim-;p}mtl
raised the average annual produce from: 28} cwts. to ¢
and the average annual increas
manure from a little more than 2
When to superphosphate of llmv mltb uf ]]llhh‘:, soda, and
magnesia we .uld({i (l’lnt 3), the av » annual produce was
i 5 s y per acre; but the in-
se uwlm‘ tlwsc cucumbtm s consisted almost wholly, if not
ruminous pldnta—(lu\ma, meadow vet l}lmg,
age produce and average
1er during the Lu.t four years than over the
\(uu\,ol tlu experiments, and thereis t no sign of

\I\lmie se
”? supplied

dmnnutnm. In fact, this “mixed mineral magur
annually more of all the mineral constituents otherwi
likely to be exhausted than would be taken off in the increased
pmtluu- of Leguminous plants.
The addition of sawdust to the mixed miner yal manure (Plot ‘J)
scarcely added at all to the produce It should be erved, in
oard to the manuring of this plut that in 1862 tl e potass alt

was omitted, and a larger quantity of soda-salt substituted, and
the result was (as bllu“l] in the last Number of the Journal)
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N
a notable diminution in the proportion of Leguminous }
though the total yield of hay per acre was not dlmi?l[']}zlbn {erlm
The :u.ltliti(m of 400 1bs. of ammonia-salts (c-{l-ua] )':.::'tl'-(.(--. Iy
and muriate) to the mixed mineral manure of I"I};L si\"}i phiate
1_11{:1'(3;1";;(.-‘{1 the aver: annual produce over ﬂm Ia.'nst- fo .Ut 10)
from 30} cwts. to H3F cwts, of hay, that is, by about 1-:11 i
and the average annual increase obtained b , : :
t.he produce without manure, was nearly 2§
’tnm', and rather more than 31% cwts. ov
There is, there

56

0 cwis;
s mixture, aboye
cwis, over the last
13 the whole seven years
: erefore, when this large amount of ;.tl:11111:r';i:1~s~1}£ i
n.sted i conjunction with the mixed mineral manure, an i ']' o
tion of a slight falling off in the annual yield. In 1"(‘}'{11'1:1“'1@“-1-
this point it should be particularly borne in mind t-hilthf‘}.'e'll'-0
thf: produce by the mixed mineral manure alone (‘:(Jl]l",ail'l{:'ﬂ }‘..l l- @
minous ]_lerhngtr in amount equal to nearly Une-[{)urti; n;..g'u:
total weight, that grown by the mixed mineral manure -H':E
ammon .5:_1.lt.s confained scarcely a frace of such lu*:‘b'l'ur(' f l}.;"
produce in the latter case consisted (with the I.'.".\'.(':(‘.‘j;ti(:l: of a fe ;
luxuriant weeds), almost entirely of Graminaceous 1Iantts ({‘:‘l‘:
grasses, })]'(Il‘}t':l‘ly so called, which require a large ;111.nnu.n’t of
51}‘1(:.1 for their development ; and as the manure (r?r; ployed con-
tained none, the large amount of increase must 11:‘1\-'(-."(-'11196,;:}11

(-’_()l]Sl(lf.‘-l'i’:.]Jl(t drain of the available silica of the smi 'th(-.:h‘nﬁtr:t
tion of the supply of which probably set a limit to the amioun
of incre obtained by this otherwise heavy manuring,

llm_. hhtutn of 2000 Ibs. of sawdust pr:' acre per annum fo
t!m mixed mineral manure and ammonia-salts [(Plot 11) ver
]ltt}i: affected either the amount or the (:Iu-amc_:tm" of the 111"(1(111(:3(
“-'1‘11{.']1 was, however, rather less than without the sawdust ()1;
this l’]ut' 11, as on Plot 9, the potass-salt was omitted froin the
manure in 1862, but the amount of soda-salt increased, and
about 2 cwts. less hay were obtained than on Plot 1.(:‘ wi':h the
potass and without the sawdust. This difference is I};n;\'(-vm‘ but
s}ma]l; .-mc? although (not having at present at ('.'.(_;I,lllltim;] .(e’ithel‘
:-;ilt.'_il::il'::“:}l,le :d u”;‘razzl‘:ttu']g to the ‘ﬁrst. crop, or the re:‘;u]ts
Laptuig.in ! grass) we do not record the amounts of the
irst crop of the present season (1863), it may be mentioned 1n
passing that Plot 11, without potass, has this year given a some=
1\-"11ra‘t larger amount of Graminaceous hay than I"I::E 10 witil it.

1 l}(' general result in regard to the effects of these mixtures
of mineral constituents and ammonia-salts (Plots 10 and 11) is,
that, by their means, we have obtained for seven or eight ears
conse t_n'cl_\', an average produce of about 2% tons ofn ha'y per
acre, and an average increase of about

J’\tlth.ng to the same mixture of mineral constituents and
ammonia-salts 2000 1bs. of cut wheat-straw annually, scarcely
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increased the average produce of hay, notwithstanding that
the straw was calculated to furnish, by gradual decompo-
sition, besides other mineral constituents, the silicates in
which the artificial mixture was deficient, and to contribute a
supply of carbonic acid for the solution of the mineral consti-
tuents of the soil, and a small amount of available nitrogen also.
The after-grass has, however, generally been slightly more
Juxuriant; and, as shown in the last number of the Journal,
the description of herbage developed was somewhat different,
and, perhaps, rather superior.

On Plot 13 (divided in 1862 into 134 and 130), in addition
to the mixed mineral manure, there was applied a double or
yery excessive amount of ammonia-salts (800 lbs.) in the first,
second, third, and seventh years of the experiments, but only
400 1bs, in each of the three intermediate years, 1859, 1860,
and 1861. The result of this very heavy dressing was an
average over the seven years of above 3 tons of hay per acre

er annum. It was somewhat less during the last four years,
in three of which the single amount only of ammonia-salts was
used ; but in 1862 (and in the present year also) the produce
was again increased with the increased supply of ammonia-salts,
though by no means in proportion to that increased supply. As
shown in the last number of the Journal, the heavy crops grown
on this plot contained not a trace of Leguminous plants; but,
with the exception of a few very luxuriant weeds, they consisted
almost entirely of comparatively few species of very free-growing
grasses, in an over-luxuriant and very stemmy condition.

As just alluded to, in 1862, that Is, after the experiments had
been continued for six seasons, this Plot 13 was divided into
two equal portions; and to one of these (13D) 200 Ibs. of a silicate
of soda, and 200 Ibs. of a silicate of lime, were applied per acre,
in addition to the manures of Plot 184. This led to scarcely
any appreciable increase in the first year of the application, but
the results of the present or second season show an increased
produce of about 6 cwts. of hay per acre wherejthe silicates
were used; and it was obvious to the eye that some of the
grasses were more luxuriant. It remains to be seen what will
be the effects of this addition in future years. There is no doubt
that the heavy dressing of 134, without silicates, forcing, as it
does to such a degree, the luxuriant growth of Graminaceous
plants, which require more silica than herbage Gl‘an}' .other
description, must tax very severely the store of available
silicates within the soil. ‘Additional evidence will be given
on the point further onj but it may be here remarked iIn
passing, that the forcing of very heavy crops of hay by the
use of artificial manures alone is by no means recommended.

VOL. XXIV. 2L
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It would be far too expensive to supply in this way all the
constituents that are requisite: for the production of such
crops without undue exhaustion of the soil, or deterioration
in the character of the herbage Artificial manures can
as a rule, only be used with advantage and economy for ﬂ“;
hay crop, when the land receives peric lly a dre sing of
stable or farmyard manure. manure restores the mineral
constituents taken from the land in the crop more completely,
and some of them more economically, than any other ; it at the
same time supplies a large amount of available nitrogen, and of
organic matter yielding by its decomposition carbonic acid, and
is calculated to favour a more complex and generally a superior
deseription of herbage.

Plot 14 received the same description and amount of mineral
manure as Plots 8, 10, 12, and 134, and, in addition, nitrate of
soda containing about half the amount of nitrogen supplied in the
ammonia-salts of Plot 10; and Plot 15, with the same mineral
manure, had, in addition, double the amount of nitrate—that is,
about the same amount of nitrogen as that in the ammonia-salts
of Plot 10. These experiments, like those with nitrate of soda
alone, were commenced only in 1858, two years later than most of
the series. The figures show an average over the five years of
44 cwts. of hay per acre per annum with the smaller amount
of nitrate, and the mineral manure, and of 513 cwts. with the
larger amount, against 563 cwts, with the same mineral manure,
and ammonia-salts equal in nitrogen to this larger amount of
nitrate,

Ammonia-salts, in conjunction with the mixed mineral manure,
have, therefore, given a larger amount of produce than an equal
amount of nitrog: the fo of nitrate of soda. The de
tion of herbage develo ras, however, strikii different in
the two cases, and very different also with the smaller and the

punts of nitrate, as will be found by reference to the

: ournal. It should be added, that there is as

yet no evidence of diminution of produce from year to year where

the nitrate (either in the larger or the smaller quantity) was used
in conjunction with the mixed mineral manure.

The plots manured with farmyard manure remain to be con=
sidered, The amount annually supplied (14 tons) would contailt
more of every mineral constituent, and considerably more nitrogen,
than the produce ok ) se, besides a large quantity of
organic matter yielding by its decomposition carbonic acid and
other products.” When the farmyard manure was used without
the addition of ammonia-s: ge annual produce
amounted to only about 42} cwts. of ha e s than 1 ton
above that without manure, and to considerably less than Was

, - K19
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obtained by the most active artificial manures. The deserip-
fion of herbage was, however, very different—that grown by
the farmyard manure being very much more complex and, upon
the whole, superior in quality to that grown by the very active
artificial Manures.

The addition of 200 lbs. of ammonia-salts to the comprehen-
sive, but not very rapidly active, farmyard manure increased the
average annual produce only about 6 cwts. of h still,
therefore, giving a produce considerably less than that obtained
by the most active artificial manures. ‘Nm' did the addition of
ammonia-salts improve th r of the herbage, which was
more Gram sous, consisted in larger proportion of compara-
tively few species, and was much more stemmy, than when the
farmyard manure was used alone, The number, and proportion
in the produce, of miscellancous or weedy plants was, however,
considerably reduced under the influence of the ammonia-salts.

Reviewing the results of the whole series, it is ¢ red that
the average produce without manure is slightly higher over the
last four than over the whole seven years of the experiments ;
indicating, therefore, that the conjoint resources of soil and
season were at least equal, if not more favourable, during the
later years, A similar result is observed in the ¢ of the farm-
yard ‘manure plot, and of the plots where there was a lil}eml
supply of mineral constituents without ammonia in the artificial
manures ; but where ammonia-salts were used in large quantity,
either alone or in conjunction with the mineral manures, there
was a tendency to a rather diminished rate of increase as
the (‘expernncnt‘s proceed. ion, so far as the gross

is, however, as yet but
slight ; and in the present 3 the produce on Plot 134,
where the very ex of ammo s was used,
and where the mineral manure contained no silicates, is heavier
than in any previous season. The chief indication of exhaustion
of certain constituents, or of de ration of the produce, is
afforded by a consideration of the de r_ip?i:m and composition
of the herbage developed. Where nitrate of sodais used, whether
alone or in conjunction with the mixed mineral manure, the
is as yet no evidence of pm;uasi\'e falling off in the annual
yield,

Produce of After-Grass.

Table 1. (p. 581) shows the amounts of hay per acre to which
the after-gra sof each of the last four seasons is estimated to be
equivalent, and also the annual average over the four and over the
seven y of the experiments. As already mentioned, the after-
grass was always consumed by sheep (once or twice

9
&

.
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required), so that the estimation of
‘ he 3 ation of the quantity of 1 -
c.ciulcr'slrmrlcd is nc{:ess::.u'ily a matter of l(:::ln:"n]:::I;i:)fnharnjt‘t'nl“lrh“';}‘k ;
p ::1 ac tlpted was—to lul.d shrecp on each p]f}t, the nunﬂiw'yl' The
::.,1 1_11.1_0{1 the amount of grass ; to move the hurdles (1'1\)-'{%{)[ i
t]-lf;-l::];-t.tp, .tn note the t{me taken to consume tl1.c: plr:ulu)' el
(.:01,1 0 _.(ritlmate, npprr.}xln}a.tely, the amount of hay to w]( ’haml
Shésume ﬁrass “ﬁxs equlvalent, on the assumpflion thut{' thﬁ
p would, on the average, con i
455 K . ge, sume grass equal to
hay per head per week. Such an estimate t.hmgr]l on] '16 o= o
mative, still affords a very useful indicati ! of tho relntor RS
atly t, i Is a very }mdul indication of the relative, if
A ;(,,uiz A -mqunts of after-grass of the respe ti\'r: )ll’:t: Riit
1860 and it was so eaten off twice, but in each l! ke 5
years only once. Rl el
A . !
]am{ ]\)‘Vl]} bff]l oll)v1ous that, as the animals would return to th
rHﬂ th)er Iz:,iltro ;e al%etll‘l propczlrtlon of both the mineral constituent:
2 gen of the produce, to serve as ma '
. nure for th
s;og of the_ succeeding season, and so on each year, the an?otflirit
ot ;ly estlma;tedfas1 abﬁ)ve described cannot be "1dded to 31:
amounts of the first crop, and th ]
P T : t b e sum reckoned as the:
4 ;1;1Su:rluzleéd on the ﬁesp}fctlve plots. The latter would hOWC\}E}::
e somewhat hi g f i :
Ihipt b gher than the amount of first crop hay

Judging from the relative amounts of first-crop hay where

i]isoﬁzzle(rﬂ'ﬂconstituents would probably be in relatively large
2 without manure, with purel 1
arnount ¢ m , with purely mineral manure, or with
‘ségﬁlm];l rillimure, for 'cxample'), and where, therefore, th(; produce.
X wouldeb e m(l)l'g directly limited by the conditions of season
i ine]c‘_?zlg uded t}.mt these were the least favourable in 1859,
X 1860, and still more favourable, and about equally so’
: ally:so,

in 1861 and ' : =
mated arrmuntls of hm:'j “Sgl?g,.in.t}m SaIme Wl from the est
appear that the peric 1 F.l') 5 o the altargrass, 1t WL
1860. and n("\r.l}i A0€ Iij' lfs'grm\_:t‘l; was the most favourable in.
in w u(.h.‘t]w.‘rf ;q.ua ) 50 1862 (these being the two years
less [':n.'(mr-ﬁ)% ;1 5 ll(f—.‘: as eaten off twice), that it was somewhat
S i ﬂtl'el.“ q 861, and less so still in 1859. But it is
of ])10 .u‘s :1111;:1?' t.l:mc? of accumulation, or of non-exhaustion
into account '15:‘ aff “1@5 _m’l“"ffll o l'.lmt. of season, has to be taken
another. ‘Th'{- ‘]pf"c ‘.:]n;_.: tw .Pl.'(lt}.u(_:e AT compared with
constituents h\-' ﬂ;:-: p .l.(! ,Mhﬂ{lmm} of the more active manurial
s a(r('u. : .u_m th pi the first crop, the greater will be
el mulation for the after-growth, though their activity Wil
greatly depend on the climat S conditonss. A i
tions in the amount of aft TaR "Lmh ‘-ml’ agatns ¥ S
manure left by tl b rrass will affect the amount of
e in‘ 'm(-]) 10 m}_um;.ls on the surfa‘c.e of the land, to be
‘ lhouﬂ'l'.‘ ;t "'Il serve 'l.u.l‘ the first crop of the succeeding year s
gh it will be obvious that any effects of such variation wi
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he due to the condition and distribution of the constituents
rather than to any actual loss or gain of them.

The produce of after-grass was, upon the whole, the
sn 1860, when it was eaten off twice—the first time early in
September. In accordance with this, the records show that
in the months of July and August the maximum tempe-
low, the minimum temperature
moderate, the mean temperature and the range of temperature
both low, and the fall of rain and the number of days on which
it fell above the average. In 1862, also, the grass was fed off
twice, commencing the first time soon after the middle of
August ; and the vharacters of the July and August of that
season more nearly approached those of 1860, as above quoted,
than did those of either of the other years. In 1859 the after-
growth was both the smallest in amount and the latest, the
sheep not being put upon the land at all until November 14 ;
and coincidently with this there was comparatively high tem-
perature, and somewhat below the average amount and distri-
bution of rain—especially during the first few weeks after the
vemoval of the hay-crop. In 1861 the amounts of after-gn
were more than in 1859, but Jess than in either-1860 or )
and the produce was eaten off only once—namely, early in
QOctober. The characters of the season in regard both to tem-
perature and amount of rain were less favourable for succulent
growth than in either 1860 or 1862, and as to amount of rain
less favourable than in 1859 also. In regard, however, to the
distribution of rain, or the number of days on which it fell, the
month of July (1861) was far above, and that of September
ahout, the average.

From these few observations it will be obvious that the varia-
tions in the amounts of after-grass in one year ompared with
another were very directly dependent on the characters of the
seasons; they were, in fact, much more 80 than on the
greater or less amounts of hay removed in the first crop. It
is, indeed, remarkable how little was the fluctnation in the pro-
duce of first-crop hay from season to season, with one and the
same manure, compared with that of the alter-grass. The cha-
racter of the herbage of the first crop was, however, remarkably
affected by the character of the season of its growth; one and

the same amount of produce representing a very di

description of hay in the different years. The variation mani-
fosted itself not only in a difference in the prevalence of par-
ticular plants, but “more strikingly in the character of their
development—the relative tendency to give a leafy or stemmy,
base-leafed or stem-leafed, early or late, ripe or unripe produce.

But the gross amounts of after-grass varied exceedingly from

largest

rature Wwas cnlnpm‘atively

Te e —
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rear to year B0 thatr oy
imnl"hl Y .‘.'f_’“-] H"Itl: ]t\_;l] they amounted on the average t .
: L 5 . . . R = By .
p—— l;‘ et dli HE T II__ il to considerably less t'h'u? inol )
C1eTE al R e 4 J 85 F: .
En MO8 " ?L cast 14 time as much as in 1859 : and -M)’ _]Jut
i ses to nearly as much and in some 3 and 1n 1862
more than 1860, ¢ o conside
With : Mo
Uil E)lut malmlue, the after-grass of 1859 was éstimated
of 18(;:? ungl ess than 8 cwts., that of 1860 about ]-,,"{ a5 equal
o . ‘ L % Vb
: nearly 14 cwts., and that of 1 al vts., that
With farmyard S0Z about 15% cwts. of I
e armyard manure the amounts were scarc -J“"”- 1y,
oV ;)1 ,2111101‘e than 21% ewts. in 1860, neaxly 16 owi W
r A c T G = arly 10 ¢ A 1
mineral vilE_dua 1502, YVlth the lu““"." dressings of ?.?lll(l
ral manure and ammonia-salts they ranged gs ot mized
o L ¢ o

nearly 15 cwts. in 1859, from over 21 to over 22“2:‘1/;:“;? 11{;.(3:)0
d )

fl om a.b u 1C d ] a. I Z t
out )y to 1)()[1': 18 cwts. 1n
‘ : ‘ 8()1, nd fl()m a,b()ut O
‘ TN 0t o - g

om pal ln more dll Ctl y t}le eﬂ‘ects () tle nanur
Lo o . dlffelent ma €s
on t e l]l'!‘l.ll-lt.‘: ol -_ll{. rrass, 1t 1s seen E.]li\t the quan“ti(' VAILe ,
- 1e ] .,]I. _]1 ; ® . ... !E . \’it)t manure to aOll ]-I ?'I (“LS,
- ieaviest :l'tll(.'.l'll ]‘ﬂ".l.[l‘l.ll'i]‘l.“' s 1N 860 ll.l'lll.ll'l 'i" mt

. Lyl

rabl ¥

¢ -1

ks Qr .
; in 1861 from about 13% cwts. to

over 18 cwts.; and i .I
.5 and In 1862 from 1
243 cwts, about 151 cwts. to about
The f i
he facts relating t
; g to the after-gr
amounts varied very much Lbf)(?ll e S%l'OW, then, el
i th according t 5
Aty ' ‘ g to season a
m ks ng, a.nd that, when both were favourable, they were ﬁf(lad
! -
'llvemoje e?utl}valent to more than one ton of ha},r Taking the
& ge of the seven year e o 4 : y 2
Sl aHIE R AR ey yL alls, the after-grass without manure was
quivalent to about 12% cwts. of hay per acre per
: a

annum 'Ild tl'lt W lth. Cd
11e l]C'l viest 1t 100 at lleally
3 a lﬁClal manurix 5

Chemical Composition of the Hay.

In our former r : il
the different lilla;i}:z;t ionll tﬂle COH‘I.}.)O‘SltIOH of the hay grown by
(vol. xx., part 2), we treat ﬁ} (;a tier years of the experiments
:ull))lStance’ fatty n’mtter, WOSd)’OIlIth-e proportions of—nitrogenous
able :
water ?O;Ix?lﬁollon(’zlsl’atlnlna:al matter (ash), total dry substance, and
we refm‘ the reader mine ,(_:'(m.li‘let(' consideration of the subjeect
Comp'usii.inﬁ ok 111 tl_l..':l._tlll.-f.‘.-, on the present occasion, of the
s R R attentl'a'y g _tﬁvn in the fourth, fifth, sixth, and
dry matter, of 1’nine~ 11011 will be confined to the proportions of
general ob,servatio ™ MAtter A, and of nitrogen and a few
s Hee bl;s onlthe circumstances affecting the compo-
the results tl made, thereby “_“ﬂdel‘lng‘ the indications of

3 s hemselves the more readily understood

omparing the hay of one season with that of a{nothcl’, a high

other non-nitrogenous vege=
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percentage of dry matter may simply indicate dr; weather at the
time of cutting and durine the making ; or, it may also indicate
a relatively high degr of maturity or ripeness Jomparing
the produce of one plot with that of another differently manured,
but grown in the same scason, and cut and made under the
same conditions of weather, a relatively high percentage of dry
substance indicates a omparativel high deg of ripeness
maturity, and most probably a stemmy rather than a lealy con-

dition of development.
As the percentage of mineral matter or incombustible consti-

tuents, even though the same in the fresh hay, may be very
different in its dry substance, according to the proportion of the
latter, and as the percentage in the dry substance indicates much
more clearly the probable ¢ ndition of the hay, it is important
that it, as well as that in the fresh hay, should be considered.
Other things being equal, a high percentage of mineral matter
in the dry substance indica a leafy rather than a stemmy
development, and an smmature rather than a ripe condition.
The percentage of mineral matter in the produce is also more or
less, though comparatiy ely slightly, affected by the liberality
or defici of available mineral constituents within the soil;
but as the tendency of the development is very h afl
by these circumstances, the effects are, in part at least, indirect
that is to say, the relative supply of mineral constituents, affect=
ing as it does the relative development of leaf and stem, and
the tendency to ripen, the entage of mineral mattex in the
produce is in its turn affected ac rdingly, as above veferred to.
The percentag n in the dry substance of the hay
may depend on vent conditions. The condition of
manuring being the same,

percentage in the produce of
one year compared with that of another will most probably in-
dicate a high proportion of leaf to stem, or a green and succulent
rather than a ripened mdition. mparing the produce by one
manure with that of another in one and the same season, the
pere gain depend on various circumstances. Legu-
minous plants, @ some weeds, are much richer in nitrogen
than Graminaceous plants in an equal condition of ripeness;
leafy matter generally contains a higher pe ;
succulent and unripe produce a higher
ripe (all of which conditions are 1 uch influenced by the cha-
racter of the manure); and further, when in the succulent and
unripe condition, as produce cut for hay to a certain extent is,
the percentage 0 nitrogen 1 lly pretty directly af

lative available supp it within the soil.
ively ni enous manure will—other thin

ive a relatively high percentage of nitrozen at an
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le;qx(ial sftage oti) 1growth or maturity ; but

nder favourable conditio ) 5oil ‘a

hoc ns of soil an
>

.Iu;, within limits, ang -
d wonk
: season, a moderate
‘ e Hipening | ndency, the crop more
of time, be at a more advanced st: ‘m-ui'l : lllﬂ}'}, a0 Bl
then, as it otherwi anced stage ol growth, and it mj

3 of g , S mig
T AN T rwise would, show a higher percentage of s
n 1ts dry substance, i i

5 3
e F age of Dry Muatter in the L
able IIL (p. 532), gi
> - (p. @ oives, for each
et BT ;) ive i : _'_ul_x plot, the percentage of dy
i o | as carted from the land, in each of the ] 5
o3 azs, & $0 the average percentages over the four, : L
0 2ven years of the experiments " iomn el
%.-mnl;m]'mg the produce of one
order of highest percent £
ordl whes reentage of dry matter w 5 [
1860, and 1862 ; and it may ; -mdt‘tel et
| ' ; 1t may be observed ¢l i is
quite consistent with the characters f“ul;[ e il
S @ soue with the characters of the respective se:
for ne time before cutting, and duringe t} e olin
The percentages of mineral , B hesde maling e .
o Teeinas O neral matter in the dry substance will
5 1, show, that there was a real difference i i ;
o it e : al difference in the ripeness
el :.di.l .t .u:l 1 1ts mere condition of dryness or
pnes 17 to the weather i (i fore
Sempmegn rding th at immediately Defore
1H(ﬁr]:;:v;tl;(_l}t_!u;mg the making. Thus, the pl'uducg of 18.‘;8 atr}ll((l3
. i higher percentages of dry matter than in th - of 186
or 1862, contained lower averas el o
or 18 : T average proportions of miner:
R g N e L S I of mineral matter
T],p{h y substance, indicating a greater degree of maturit g
A3 I}“I(Lr_‘.lt.agl, 'ol dry matter in the produce 'a:"iedJ very
e “m:s comparing that grown by different manures 'i.l)‘ll
5 e " ’ z ) - o > < -
. > season, than comparing season with seas I
act, when it is borne i ind mstancos
s ! m mind how many circumstances
da ,T_. : '[ ft’mn l.Ji_ such complex and indefinitely ripened
prod ‘,‘:F .:}f]ai}_[m.(.01 ding to the manure employed, it is only
wiak ‘,1: f;_}1.111 d e.‘.x'pcct, to find that the difference in the con-
‘.w{..“ ok ,IL l_noducr_-. rJ'i two comparable plots may vary, or
ove (,u|‘.- :’;\li‘llbill A uccol't]u}g to the characters of the season ; i for.
C y will the proportions of Leguminous, Graminaceous; or

r with that of another, the

other herbs g _ : ;
de f‘Il)l]tjlll](jl:%rpq(f‘:imih are (?;‘f(_:ll annewlmt differently affected in
the manure (_;]'ﬂ'{:‘: ‘“ll-‘:f[_to season) be very dijfereut according to
plant over anr)t]zor}:l(, A e pl‘c\‘alcr{wc of one Graminaceous
ot another, e .f,en.(.l(.:ncy to ?{ral_y or stemmy growth, and
o .t}ne umch?mn of ripeness, will als catly vary, Thus
with a hot and vipening scason, the addition of nitrogenovs o
substance as to (;i‘,-n‘tj SRl itaans the, fixation of carhonaceous
dry Sllhsta.n-cp : bwl_ei]‘ftpl_oduce containing a higher proportion of
i bb,l ulst In a wetter :u!r_l colder season the effect

probably be to give a relatively leafy and succulent
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- growth, containing a lower percentage of dry matter. Accord-
ingly, the relative prt)pnrti(ms of dry matter in the pmducc of
one plot compared with that of another are seen to vary more or
less from season to season. Still the general, though not the in-
variable, result is found to be that, in comparable cases, the larger
the relative supply of available mineral constituents, the higher
will be the percentage of dry matter in the produce at the time

of cutting, due mainly to the greater tendency to ripen under

such conditions. The columns showing the average percentage

of dry matter in the produce of each plot over the four and over

the seven years afford sufficient illustration on this point.

The general result in regard to the proportion of dry matter
in the hay is, that variation of season has very much more in-
fluence than variation in manure in one and the same season;
that, so far as manures have an influence, those which tend
most to stemmy produce, and to ripeness, generally give the
highest proportion of dry substance ; that a relatively liberal
supply of mineral manure favours this tendency ; and, that the
greater the excess of nitrogenous manure (provided the supply
of mineral constituents be not insufficient for luxuriant growth),
the lower, other things being equal, will be the proportion of
dry matter in the produce. !

Percentage of Mineral Matler (Ask) in the Hay.

Table 1IV. (p. 533) shows the percentages of mineral residue
obtained 'on burning the dry substance to ash, and the results
approximately represent the relative proportions of mineral
constituents, The left division gives the percentages in the hay
as taken from the land, and the right those in the dry substance
of the hay. The latter of course give the best view of the
relations of the mineral to the other solid constituents of the

produce.

Comparing season with season, there were much lower propor-
tions of mineral matter in the dry substance of the riper and
drier produce of 1859 and 1861, than in that of the more
backward and moister prc'n_lucv of 1860 and 1862; and, of the
four seasons, the produce of 1862, which yielded the 1.owe~:t pro-
portion of dry substance, shows generally, but not 1nva ably,
the highest proportion of mineral matter in that ‘dl’_}"sul}smnce.

Comparing plot with plot, the percentage of mine al matter
in the dry substance of the hay has a very obvious connexion

with the conditions and characters of growth.

The general result in regard to the proportion of mineral
matter in the dry substance of the hay may be stated to be, that
it was the higher the more liberal the relative supply of mineral
constituents in the manure, the less Graminaceous, or the less

R




