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ART. XI.—On some Points in connection with Vegetalion ; by
Dr. J. H. GILBERT.

[Continued from page 32.]

Amount of nitrogen assimiluted by plants.—Let us now recur
to the question of the various amounts of nitrogen assimilated
over a given area by plants of different natural orders, and call
attention to the facts bearing upon the point which these
experiments on the mixed herbage of grass land have supplied.

TABLE IV.— Yield of Nitrogen in the Mized Herbage of Permanent Grass land at
Rothamsted.

Average Prod%e per acre
per annum, 20 years it or
1856-1873, ncsording to || AVErage pltrogen pe
Conditions Mecun per cent at 6 perfods
Plots 1862, ’617, '71, "12, *74, 15,
’ Manuring. -

10 10 20
years | years | years
Grami- |Legumi-| Other 1836~ 1866~ | 1856
nes, nosz. |Orders, 1865 1875 1875

1hs. Tbs. | 1bs. [{* Ibs. 1bs. 1bs.
3 Unmanured 1635 | 219 529 35'1 | 3019 | 330
4- Superphosphate® 1671 | 149 673 357 | 315 | 336
8 Complex Min. Manure.$ 2442 | 296 | 639 544 | 381 |463
7 Complex Min. Manure.} | 25679 | 806 | 573 552 | 560 | 556

—

In Table IV. is shown the average produce (in the condition
of hay) in lbs., per acre, per annum, over twenty years, of herb-
age of the gramineous family, of herbage of the leguminous
family, and of herbage of other orders, calculated according to
the mean percentage of each of these, determined in separations
at six periods, namely, in 1862, 1867, 1871, 1872, 1874, and
1875, in samples of the produce of four of the plots which have
received no nitrogenous manure from the commencement;
and there is also given, by the side of these results, the average
annual yield of nitrogen per acre over the first ten, the second
ten, and the total period of twenty years, in each case.

The quantities of nitrogen yielded are calculated from the
results of actual determinatious of the nitrogen in the mixed
produce of the respective plots; but the estimates of the quan-
tity of the produce referable to the different Natural Orders
must be taken as only giving a general indication or an
approximation to the truth; for, while the amount of the
total mixed produce is the average of that of the twenty years,

* Mean of four separations only, namely, 1862, 1867, 1872 and 1875.

t Including potass six years, 1856-1861; without potass, fourteen years, 1862
-1875.

} Including potass twenty years, 1856-1875.
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the amount of it referred to the different orders is calculated
upon their percentage determined in six years only, four of
which are among the last five, and the fluctuation according
to season is in some cases very cousiderable, while in others there
is a progression in the changes, which render an accurate
estimate of the average botanical composition of the herbage
over the whole period impossible. The figures do, however,
undoubtedly represent the truth sufficiently nearly for our
present purpose. But before referring to the yield of nitrogen,
it may be remarked, in passing, how much greater is the
increase of gramineous produce by the use of purely mineral
manures in this mixed herbage than in the case of gramineous
crops grown separately. The interesting question arises, how
far the result is due to the direct action of the mineral manures
in enabling the grasses to form much more stem and seed—
that is, the better to manure—which, as a matter of fact, they
are found to do? or how far the increased growth is to be
explained by an increased accumulation of combined nitrogen
available for the grasses in the upper layers of the soil, as the
result of the increased growth of the Leguminosa induced by
the potass-manure, as already illustrated by the results obtained
in alternating clover and barley, and in an actual course of
rotation ?

Referring to the yield of nitrogen, it is seen that, without
manure, it has diminished during the last as compared with
the first ten years; but that the average is thirty-three pounds
per acre, per annum, or considerably more than with a gramin-
eous crop grown separately.

With super-phosphate of lime alone, the yield of nitrogen
over the first ten, the second ten, and the twenty years, is very
nearly the same as without manure. It is slightly higher as
is also the total amount of produce; but while the quantity
contributed by gramineous species is rather more, that yielded
by leguminous species is less, and that by species belonging to
other orders more than without manure.

With super-phosphate of lime, and sulphates of potass, soda
and magnesia, during the first six years, but no potass during
the last fourteen years (plot 8), the amount of both gramineous
and leguminous herbage is very much increased ; and that of
the leguminous produce was especially so during the earlier
years. The result is a yield of 554 lbs. of nitrogen per acre,
per annum, over the first ten years, of only 381 lbs. over the
second ten years, and of 463 lbs. over the twenty years.

With the complex mineral manure, including potass each
year throughout the period of twenty years (plot 7), legumi-
nous species contribute about oue-fifth of the whole produce,
or very much more than in either of the other cases. The
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result is an annual yield of 552 lbs. of nitrogen over the first
ten years; of even slightly more, or fifty-six lbs., over the
second ten years: and of 556 lbs. over the whole period of
twenty years—that is, considerably more than twice as much
as would be yielded by a gramineous crop grown separately
on arable land. It may here be observed that, while in the
case of the first three plots referred to, the produce of the
mixed herbage diminished over the second as compared with
the first ten years, that of plot 7, with the potass manure, and
so much leguminous herbage, increased slightly over the sec-
ond compared with the first ten years. Finally, it may be
remarked on this point, how comparatively uniform is the
average yield of produce by all other species other than the
gramineous and the leguminous on the four very differently
manured plots.

Here again, then, the results relating to the growth of species
of many different natural orders growing together, like those
relating to the growth of individual species grown separately,
show that those of the leguminous family, and probably those
of various other orders also, have the capacity of assimilating
much more nitrogen over a given area than species of the order
Gramines.

Assuming for the sake of argument that the yield of nitrogen
by the Graminese grown separately may be explained, as already
suggested, by reference to the amount of combined nitrogen
acquired from the measured aqueous deposits from the atmo-
sphere, together with that condensed within the pores of the
soil, and that derived from previous accumulations within it,
the question arises, can the greatly increased yield by other
plants be so accounted for? or, if not, how otherwise may it
be explained? We will endeavor to weigh the evidence bear-
ing upon this point.

Is the combined nitrogen in the atimosphere the source of the assim-
tlated nitrogen 2—It so happens that the plants which do gather,
or which have been supposed to gather nitrogen more readily
than the Graminez, have obviously a different character of
foliage; as, for instance, the *rootcrops’—turnips and the
like; and the leguminous crops—beans, pens, clover, etc. An
obvious explanation, therefore, which will be found in books
of authority, is that these so distinguished ‘broad-leaved
plants” have the power of taking up nitrogen in some form
from the atmosphere, in a degree, or in a manner, not possessed
by the narrow-leaved gramineous plants. It is true that
Adolph Mayer in Germany, and Schldsing in France, have
experimentally shown that plants can take up nitrogen by
their leaves from ammonia supplied to them in the ambient
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atmosphere. But I think I am right in saying that the con-
clusion of both of these experimenters is that this action takes
place in a very immaterial degree in natural vegetation.

In reference to this subject, I may observe that the results
of the determinations of the ammonia in the atmosphere by
different experimenters, and in different localities, vary very
greatly ; and it may be concluded that a shower of rain will
wash out much of it. According to M. Schlésing’s statement
of the results of his recent determinations of the ammonia in
the air of Paris (Compt. Rend., Ixxxi, p. 1252 et seq.), it ranges
from one part in about 12,500,000, to one part in about
260,000,000 of air by weight. If, for the purpose of illustra-
tion, we assume that, on the average, the ambient atmosphere
in the open country—in Europe, at any rate—will contain one
part of ammonia in 60,000,000 of air, or one part of nitrogen
as ammonia in about 50,000,000 of air, the atmosphere would
thus contain more than 8,000 times less nitrogen as ammonia
than carbon as carbonic acid. But cereal crops contain one
part of nitrogen to about thirty of carbon, and leguminous
crops, one of nitrogen to fifteen, or fewer, of carbon. On these
assumptions, the ambient atmosphere would contain a pro-
portion of nitrogen as ammonia, to carbon as carbonic acid,
about 267 times less than that of nitrogen to carbon in cereal
produce, and about 534 times (or more) less than that in legu-
minous produce. It is true that water would absorb very
much more nitrogen as ammonia, or dissolve very much more
as carbonate or bi-carbonate of ammonia, than it would of
carbon as carbonic acid under equal circumstances. Hence,
there would appear to be a compensating quality for the small
actual and relative amount of nitrogen as ammonia in the
atmosphere, in the greater solubility or absorbability of the
compounds in which nitrogen exists, than of the carbonic acid
in which the carbon is presented. Further, it can hardly be to
merely a greater extent of leaf or above-ground surface that the
result could be attributed. Thus, though a bean and a wheat
crop may yield about equal amounts of dry matter per acre,
the bean produce would contain from two to three times more
nitrogen, and approximate measurements show that a wheat
plant offers a greater external superfices in relation to a given
weight of dry substance than a bean plant, and greater still
therefore in relation to a given amount of nitrogen fixed. If,
then, the bean can in some way take up more nitrogen from
the atmosphere than the wheat, the result must be due to
character and function, rather than to mere extent of surface
above ground. It may, however, be observed that, as a rule,
even those of the leguminous crops which are grown for their
ripened seed, maintain their green and succulent surface, over
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a more extended period of the season of active growth, than
do the gramineous corn crops.

It may safely be asserted, then, that neither direct experi-
mental evidence, nor a consideration of the chemistry and the
physics of the subject, would lead to the conclusion that the
plants which assimilate more nitrogen over a given area than
others, do so by virtue of a greater power of absorbing by
their leaves combined nitrogen from the atmosphere in the
form of ammonia. And here it may be said in passing that
the argument would be still stronger against the supposition
that nitric acid in the atmosphere supplies directly to the
leaves of plants any important amount of the nitrogen they
assimilate.

But apart from the more purely scientific considerations
bearing upon the question, we believe that our statistics of
nitrogen-production are themselves sufficient to justifv the con-
clusion that, at any rate, the “broad-leaved” root-crops, turnips
and the like, to whieh the function has with the most confidence
been attributed, do not take up any important proportion of
their nitrogen by their leaves from combined nitrogen in the
atmosphere. Thus, it has already been shown, that the yield
of nitrogen in these crops, even with the aid of complex min-
eral manures, was in the later years reduced to a lower point
than that in any other crop; the percentage of nitrogen in the
upper layers of the soil was also reduced to a lower point than
with any other crop. The evidence of this kind is, however,
admittedly not so conclusive in regard especially to plants of
the leguminous family.

Is the free mitrogen of the atmosphere the source of the assimilated
nitrogen 2—DBut as about four-fifths of the atmosphere which sur-
rounds the leaves of plants consist of free nitrogen, why should
not this be a source to them of the nitrogen they require? To
assume that it is so is such an obvious and easy way out of so
many difficulties, that this assumption has from time to time
been freely made, and much experimental investigation has
been undertaken on the point with the most conflicting results.
It is now nearly forty years since Boussingault showed that
there was a greater assimilation of nitrogen over a given area
in a rotation of crops than he could well account for; and
almost from that time to this he has been occupied with inves-
tigations of very various kinds, sometimes on the atmosphere,
sometimes on meteoric waters, sometimes on plants, and some-
times on soils, the main object of which has obviously been to
throw light on the question of the sources of the nitrogen of
vegetation. And almost for as long a period as Boussingault,
Mr. Lawes and myself have devoted much thought and nves-
tigation to the same end.
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On this point, of whether or not plants assimilate the free
nitrogen of the atmosphere, leaving out of view, for lack of
time and space, the experiments and conclusions of several
others who have worked on the subject on a less comprehen-
sive scale, I will first briefly direct attention to the most com-
prehensive series of experiments, the results of which led the
author to conclude that the free nitrogen of the atmosphere is
taken up and assimilated by the leaves of plants.

During the years 1849, 1850, 1851, 1852, 1854, 1855, and
1856, M. G. Ville, of Paris, made. numerous experiments on
this subject. His plants were generally enclosed in a glass
case, and his soils consisted of washed and ignited sand, sand
and brick, or sand and charcoal. They were sometimes sup-
plied with a current of unwashed air, sometimes with a current
of washed air, and they were sometimes in free air; sometimes
a known quantity of ammonia was supplied to the air of the
apparatus, and sometimes known quantities of nitrate were
supplied to the soil. Lastly, a great variety of plants were
experimented upon. M. G. Ville’s results are summarized in
Table V, below.

TABLE V.—Summary of the Results of M. G. VILLE'S Experiments, to determine
whether Plants assimilate free Nitrogen.

Nitrogen—Grams.

Nitrogen
In Seed, in
PLANTS. and %lr H In Gain Prtzgulcts
or
M:;lure, Products. Loss. Supplied.
if any.

1849: Current of unwashed air supplying 0001 grams Nitrogen as Ammonia.*

Cress _.ooocooooo..- 00260 0-1470 0-1210 56
Large Lupins__..___. 00640 00640 00000 10
Small Lupins......_. 0-0640 0-0470 —0°0170 07

0-1550 0-2580 01030 17

1850 : Current of unwashed air supplying 0'0017 grams Nitrogen as Ammonia.*

Colza (plants)_....__. 0-0260 10700 10440 411
Wheat __..______.__ 0°0160 0-0310 0°0150 19
Rye oL - 0:0130 00370 00240 2-8
Maize oo .o..- 00290 0°1380 0-0990 44

0-085"7 1-2660 1-1803 148

1851: Current of washed air.*

Sunflower_ ... _____ - 00050 0°1570 01520 314
TobacCo —cceoooo_-- 0°0040 0°17560 0°1710 437
TobacCo - -uceuencoan 00040 0°1620 01580 405

* Recherches Expérimentales sur la Végétation, par M. Georges Ville. Paris,
1853.
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TABLE V.— Continued.

105

Nitrogen—Grams. Ni tli-ogen
1 d n
PLANTS. mrxldsg?r H n Gain Pro:):lucts
Mai?lrxl-e, Products. L(;)s‘;a. Supplied.
if any.
1852: Current of washed air.*
Autumn Colza _. ____ 0-0480 0-2260 0-1780 417
Spring Wheat _______ 00290 00650 00360 2:2
Sunflower. .. _____._ 0:0160 0:4080 03920 255
Summer Colza.._..__. 01730 0:5950 0-4220 34
Summer Colza___..__ 0°1050 07010 05960 67
1854 : Current of washed air (under superintendence of a Ct is8i0n).
CresS . o coce e 0-0099 00097 —0-0002 10
[0 -1 P 0-0038 00530 0-0492 139
Cress. o oo e cceeacee 0:0029 00110 0°0071 2-8
1854 : Current of washed air (closed, under superintendence of a Co ).+
Cress-ooo- ocoooo-oo | 00063 00350 | 00287 56

1855 and 1856: In free air, wi

th 05 grams Nitre =0069 Nitrogen.}

[070) - 00700 0'0700§ 0:0000 10
Colza. . ce e, 00700 0-06608 —0°0040 09
ColzaA e e oo 0-0700 0:0680§ —0°0020 I 10
1855 and 1856: In free air, with 1 gram Nitre =0°138 Nitrogen.}
Colz8 oo aae 0-1400 0-1970§ 00570 1-41
Colza o oo e 0°1400 037408 0:2340 167
[Colza_ o oeeeeeoa. 0-1400 0-2160 0-0760 154
(070 7 . 0-1400 0°2500 01100 179
1856: In free air, with 0°7192 grams Nitre =0°110 Nitrogen.*
Wheat oo oo 0:1260 02180 00920 17
Wheat ocovooeaaaa- 0-1260 0-2240 0-0980 1-8
1855: In free air, with 112 grams Nitre =0-238 Nitrogen.*
Wheat oo ccee oaooo 0-2590 0-3080§ 00490 1-2
1856: In free air, with 1'165 grams Nitre —0-244 Nitrogen.*
Wheat_ _.ooooeoino 0°2650 0-2170 —0°0480 08
Wheat_ oo oo _.___. 02650 0-3500 400850 13

* Recherches Expérimentales sur la Végétation, par M. Georges Ville.

1853,
Compt. rend., 1855.
In plants only.

AM. JouR. 8cr.—THIRD S8ERIES, VoL, XIII, No. 74.—FEB., 1877,
8

Paris,

} Recherches Expérimentales sur la Végétation, 1857,
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We have already discussed the results of M. G. Ville, as well
as those of others, in a paper published in the Philosophical
Transactions for 1859, and in a somewhat condensed form in the
Journal of the Chemical Society, vol. xvi, 1863 ; and we can
only very briefly refer to them in this place. The column of
actual gain or loss of nitrogen is seen to show in one case a
gain of more than one gram of nitrogen ; the amount of it in
the products being more than forty-one fold that supplied as
-combined nitrogen in the seed, and air. This result was ob-
tained with colza. 'Those obtained with wheat, rye, or maize,
showed very much less of both actual and proportional gain.
Experiments with sunflower and tobacco showed a less actual
gain than that with colza; but still it amounted in one case,
with sunflower, to more than thirty, and in two, with tobacco,
to more than forty-fold of that supplied. In M. G. Ville's ex-
periments (as a glance down the last two columns in the table
will show), although he still had generally some gain, it was
usually both actually and in proportion to the quantity sup-
plied considerably less than in his earlier ones.

M. G. Ville attributed the gain, in some cases, to the large
leaf-surface. In explanation of the assimilation of free nitro-
gen by plants, he calls attention to the fact that nascent hydro-
gen is said to give ammonia, and nascent oxygen nitric acid,
with free nitrogen, and he asks, *Why should not the nitro-
gen in the juices of the plant combine with the nascent carbon
and oxygen in the leaves?”’ He refers to the supposition of
M. De Luea, that the nitrogen of the air combines with the
nascent oxygen given off by the leaves of plants, and to the
fact that the juice of some plants (mushrooms) has been
observed to ozonize the oxygen of the air, and he asks, “Is it
not probable, then, that the nitrogen dissolved in the juices
will submit to the action of the ozonized oxygen with which it
is mixed, when we bear in mind that the juices contain alka-
lies, and penetrate tissues, the porosity of which exceeds that
of spongy platinum ?”

The experiments of M. Boussingault, and of ourselves, on
the other hand, have not given an affirmative answer to the
question whether plants, by their leaves, take up and assimi-
late free nitrogen of the air.

M. Boussingault commenced his experiments on this subject
in 1837, and Table VI, which follows, summarizes his results,
obtained at intervals from that date up to 1858,
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TaBLE VI.—Summary of the Results of M. BOUSSINGAULT'S Experiments, to deter-
mine whether Plants assimilate free Nitrogen.

Nitrogen—Grams.

PLANTS.

Nitrogen
In Seed, in
or Plants; I Gain Products
and P d“ or to 1
Manure, Toducts. Loss. Supplied.
if any.

1837: Burnt sotl, distilled water, free air, in closed summer-house.*

Trefoil oo . 0-1100. 01200 +0 0100 109
Trefoil - oo oo caceccaaaao 0-1140 0:1560 +0-0420 1-37
Wheat .o caeoo oo 0°0430 0-0400 —0°0030 093
Wheat . oo eoo- 0°0570 0:0600 + 00030 1-05
1838: Conditions as in 1837.4
Peas oo iecceecaaea- 00460 0°1010 +0°0650 220
Trefoil (Plants) ... ... .. ... 0-0330 0:0560 +0°0230 1-70
Oats (Plants) ... _......_.o.... 00590 0:0530 —0°0060 0°90

1851 and '52: Washed and ignited pumice with ashes, distilled water, limited air,
under glass shade, with Carbonic Acid.}

1

Haricot, 1851 .. oo o--.
Qats, 1851 ...
Haricot, 1852 _ ... _...__._.
Haricot, 1852 .. . ..___.
Oats, 1852

00349
0°0078
0:0210
00245
0-0031

00340 —0°0009 0-97
00067 —0°0011 0-86
00189 —0'0021 0-90
0°0226 —0°0019 092
00030 —0°0001 097

1853: Prepared pumice, or burnt brick, with ashes; distilled water, limited air, in
glass globe, with Carbonic Acid.}

‘White Lupin____.________.___.
White Lupin_ ..o ___..___.
White Lupin_ . _..__...____._.
White Lupin___.___________.
White Lupin___.__.._.__._..___
Dwarf Haricot
Dwarf Haricot ..o _.__
Garden CresS oo cooeoooo_-..
‘White Lupin

0°0480
0°1282
00349
00200
00399
0-0354
0-0298
00013
0-1827

0-0483 +0+0003 101
0-1246 —0°0036 097
0-0339 —0-0010 0-97
0:0204 +0-0004 102
0-039%7 —0°0002 1-00
0-0360 +0:0006 1-02
0-0277 —00021 093
0:0013 0:0000 1-00
0-1697 —0°0130 093

1854: Prepared pumice with ashes, distilled water, current of washed air, and

Carbonic Acid, in glazed case.§

Lupin eee ...
Dwarf Haricot .o ______
Dwarf Haricot - . _..___._
Dwarf Haricot .. ___.__..
Dwarf Haricot ..o .___.__.

0-0196
0-0322
00335
00339
0-0676
00180
00175
0-0046

0-0187 —0'0009 0.95

00325 +0'0003 1-01
0-0341 + 00006 1-02
0:0329 —0°0010 0-97
0°0666 —0°0010 0-99
0-0334 —0-0021 0.94

00052 +0+0006 113

* Ann. Ch. Phys,, TI, lxvii, (1838).
1 Ann. Ch. Phys., ITI, xli, (1854).

Tbid., Ixix.
Ann. Ch, Phys,, III, xliii, (1856).
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TABLE VI.— Continued.

Nitrogen—Grams.

Tn Beed Nitrogen
n See n
PLANTS. or Pln.dnts' B In Gain Products
an or 0
Manure, | Produets. Loss, Supplied.
if any.

1851, '52, '53, and '54: I’repared soil, or pumice with ashes; distilled waler, free air,
under glazed case.*

Haricot (dwarf), 1851 ________.. 0:0349 0°0380 +0-0031 1-09
Haricot, 1852 oo 010213 00238 +0°0025 1°12
Haricot, 1853 __ oo ... 00293 0:0270 —00023 092
Haricot (dwarf), 1854 .._..__... 0°0318 0°0350 | +0-0032 1-10
Lupin (white), 1853 ... ....... 00214 | 00256 | +0-0042 ] 120
Lupin, 1854 e 00199 00229 +0:0039 115
Lupin, 1854 ... oo ... 0-0376 0-0387 +0°0020 1-06
Oats, 1852 oo a-- 0°0031 0°0041 +0°0010 132
Wheat, 1863 ... ... 0-0064 0-0076 +0-0011 1117
Garden Cress, 1854 ....__...... 00259 00272 +0-0013 1:06

1858: Nitrate of Potassium as Manure.4

00144 00130
00255 0-0246

—0'0014 090

Helianthus ... ..__.._. — 00010 0-96

M. Boussingault’s soils consisted of burnt soil, washed and
ignited pumice, or burnt brick; his experiments were some-
times in free air, sometimes in a closed vessel with limited air,
sometimes with a current of washed air, and sometimes in free
air, but under a glass case. When the plants were enclosed, a
supply of carbonic acid was provided, and in a few cases
known quantities of nitre were supplied as manure.

The last two columns of Table VI show the actual and
proportional gain of nitrogen in M. Boussingault’s experiments.
It will be observed that in his earliest experiments, those in
free air, in a summer-house, the leguminous plants, trefoil and
peas, did indicate a notable gain of nitrogen; but in all his
subsequent experiments there was generally either a slight loss,
or, if a gain, it was represented in only fractions, or low units,
of milligrams. After twenty years of varied and laborious
investigation of the subject, M. Boussingault concluded that
plants have not the power of taking up and assimilating the
free nitrogen of the atmosphere.

Our own experiments on this subject were commenced in
1857, and the late Dr. Pugh, of the Pennsylvania State Agri-
cultural College, devoted between two and three years to the
investigation at Rothamsted. Mr. Lawes has contributed one
complete set of the apparatus employed to this exhibition.
The arrangement, and the results obtained up to that date,

* Ann, Ch. Phys., Sér. III, xliii, (1855). t Compt. rend., xIvii, (1858).
1 Nitrogren in seed and nitrate.
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are fully described in the papers already referred to, published
in the Philosophical Transactions for 1859, and in the Journal
of the Chemical Society in 1863. They may be briefly de-
seribed as follows :—

The soils used were ignited, washed, and re-ignited, pumice,
or soil. The specially made pots were ignited before use, and
cooled over sulphuric acid under cover. The pots, with their
plauts, were enclosed under a glass shade resting in the groove
of a specially made hard-baked glazed stone-ware lute-vessel,
mercury being the luting material. Under the shade, through
the mercury, passed one tube for the admission of air, another
for its exit, and another for the supply of water or solutions to
the soil; and there was an outlet at the bottom of the lute-
vessel for the escape of the condensed water into a bottle
affixed for that purpose, from which it could be removed and
returned to the soil at pleasure. A stream of water being
allowed to flow into a large stone-ware Wolff’s bottle (other-
wise empty), air passed from it through two small glass Wolff’s
bottles containing sulphuric acid, then through a long tube
filled with fragments of pumice saturated with sulphuric acid,
and lastly through a Wolff’s bottle containing a saturated solu-
tion of ignited carbonate of soda; and, after being so washed,
the air enters the glass shade, from which it passes, by the exit
tube, through an eight bulbed apparatus containing sulphuric
acid, by which communication with the unwashed external air
is prevented. Carbonic acid is supplied as occasion may re-
quire, by adding a measured quantity of hydrochloric acid to
a bottle containing fragments of marble, the evolved gas being
passed through one of the bottles of sulphuric acid, through
the long tube, and through the carbonate of soda solution,
before entering the shade.

It will be observed that, by the arrangement described, the
washed air is forced, not aspirated, through the shade, and the
pressure being thus the greater within the vessel, the danger of
leakage of unwashed air from without inward is lessened. 1In
1857, twelve sets of such apparatus were employed ; in 1858 a
larger number, some with larger lute-vessels, and shades; in
1859 six, and in 1860 also six. The whole were arranged, side
by side, in the open air, on stands of brick-work, as described
in the papers referred to, and shown in the apparatus exhibited.
Drawings of some of the plants grown were also exhibited, and
the published results are summarized in Table VIL
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TaBLE VIL—Summary of the Results of Experiments made at Rothamsted, to deter-
mine whether Plants assimilate Free Nitrogen.

Nitrogen—Grams. Nitrogen
In Seed, I #
Iv;lauede o Il’)l%gts(’i GIr:in Pra;i lllc“
& ’ . i
ifany. Soils or Loss. | Supplied.
With No combined Nitrogen supplied beyond that in the seed sown.
( Wheat.__| 00080 | 00072 | —0-0008 090
185%7.J Barley_._ | 00056 | 0:0072 | +0-0016 111
Barley___| 00056 | 0-0082 | +0°0026 146
. Wheat._.| 00078 | 0-0081 | +0-0003 1-04
Graminew. --< 1850 ) Barley_ - | 00057 | 00058 | +0:0001 | 1-02
Barley._.| 0:0063 | 010056 | —0-0007 089
1858. { Wheat._. | 00078 | 00078 0-0000 .| 1-00
| A* ] Oats.___. 00064 | 00063 | —0:0001 098
j1857. Beans ___| 0-0796 0-0791 —0:0005 0-99
Leguminosze. Lg5s, { Beans .| 00750 | 0:0757 | 400007 | 101
| 18581 Peas ... | 00188 | 00167 | —0-0021 | 089
Other Plants. 1858, § Suck 00200 | 00182 | —0-0018 091
: ‘| Wheat § -
WritH combined Nitrogen supplied beyond that in the seed sown.
( Wheat-_. | 00329 | 00383 | +0-0054 | 116
1857, Wheato__| 00329 | 0:0331 | +0:0002 1:01
*Y Barley__.| 00326 | 003228 | +0°0002 1:01
Barley_..| 00268 | 0:0337 | +0-0069 1:25
. Wheat___ | 00548 | 0:0536 | —0°0012 098
Gramine®. --{ 1850 ) Barley_..| 00496 | 00464 | —00032 | 094
Oats ....| 00312 | 00216 | —0-0096 069
Wheat___| 00268 | 00274 | +0-0006 1-02
1818.4 Barley___ | 00257 | 00242 | —0:0016 | 094
L A* (Oats _...| 00260 | 00198 | —0-0062 | 016
L85s, | Peas ..o 00227 | 00211 | —00016 | 093
-1 Clover __| 00712 | 00665 | —0-0047 093
Leguminosse.
1858. Beans ._.| 00711 | 00655 | —0-0056 | 092
A_*
Other Plants. 1858, § Buck 00308 | 00292 | —0°0016 | 095
* *{ Wheat § -

The upper part of the table shows the results obtained in
1857 and 1858 in the experiments in which 1o combined
nitrogen was supplied beyond that contained in the seed sown.
The drawings show how extremely restricted was the growth
under these conditions, and the figures in the table show that
neither with the Gramines, the Leguminose, nor with buck-
wheat, was there in any case a gain of three milligrams of

* These experiments were conducted in the apparatus of M. G. Ville.
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nitrogen indicated. In most cases there was much less gain
than this, or a slight loss. There was in fact nothing in these
results to lead to the conclusion that either the Gramines, the
Leguminose, or the buckwheat had assimilated free nitrogen.

The lower part of the table shows the results obtained in
1857 and 1858, in the experiments in which the plants were
supplied with known quantities of combined nitrogen in the
form of a solution of ammonium sulphate applied to the soil.
The gains or losses range a little higher in these experiments,
in which larger quantities of nitrogen were involved, but they
are always represented by units of milligrams only, and the
losses are higher than the gains. Further, the gains, such as
they are, are all in the experiments with the Graminese, while
there is in each case a loss with the Leguminosz, and with the
buckwheat. On this point it should be stated that the growth
was far more healthy with the Graminez than with the Legu-
minosee, which are even in the open fields very susceptible to
the vicissitudes of heat and moisture, and were found to be
extremely so when enclosed under glass shades. It might be
objected, therefore, that the negative result, with the Legumi-
nosee are not so conclusive as those with the Graminese. How-
ever this may be, taking the results as they stand, there is
nothing whatever in them to lead: to the conclusion that either
the Gramines or the Leguminose can take up and assimilate
the free nitrogen of the atmosphere. We, indeed, do not hesi-
tate to conclude from our own experiments, as Boussingault
did from his, that the evidence is strongly against the supposi-
tion that plants can so avail themselves of the free nitrogen of
the atmosphere.

Independently of the action suggested as possible by M. G.
Ville, that is between free nitrogen and nascent or ozonized
oxygen within the plant itself, it has been supposed that the
free nitrogen of the atmosphere may unite with the nascent
oxygeu, or ozone, as the case may be, evolved by the plant,
and so yield nitric acid. In our papers above referred to we
have given reasons for supposing that such actions are not
likely to take place; but whether they do or do not, it is at
any rate certain that in our own experimeunts we have not been
able to persuade plants to avail themselves of this happy
faculty of producing their own nitrogenous food. With regard
to the action supposed possibly to take place externally to the
plant itself, if it were in any materi:ﬂp degree operative, we
should expect some, at least, of the resulting combined nitro-
gen to be collected in the aqueous deposits from the atmos-
phere; but we have seen how inadequate is the amount of
combined nitrogen in those deposits to account for the yield of
nitrogen, even of the Gramines, and still less can it satisfac-
torily explain the yield in the Leguminoss and other plants.

[To be continued.]
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The following conclusions are, I think, fairly deduced from
the facts as noted in Colorado:

1st. In very early time in Colorado there was Archean land
rising above the Paleozoic sea. As the Carboniferous age pro-
gressed this land diminished by encroachment of the sea, due to
subsidence of the land. 'This subsidence continued through
Triassie, Jurassic, and Cretaceous time into the early Tertiary.

2d. At the close of the Lignitic there was a physical break
followed by a subsidence (at least locally) and subsequently by
elevation, after the deposition of the Miocene strata.

3d. The elevation of the Rocky Mountains as we now see
them in Colorado, is the result of an elevation commencing in
early Tertiary time, and continuing through the period, accel-
erated perhaps at the close of the Lignitic, and after the de-
position of at least Lower Miocene strata.®

The elevation of the mountains was probably gradual as a
general movement.

It is an interesting fact that Colorado has a higher mean
elevation than any other State or Territory of the United
States,t and that we find there the highest mass of mountains,
and that the evidence points to the fact that in Paleozoic time
also we had here one of the highest areas, thus confirming
what Dr. Newberry has already intimated,} that the outlines of
the western part of the North American Continent were out-
lined from earliest Paleozoic time.

e —

ART. XXI.—On some Points in connection with Vegetation ; by
Dr. J. H. GILBERT.

[Concluded from page 111.]

Is the nitrogen combined wnder the influence of the soil with or
without the aid of manures, the source of the assimilated nitrogen 2—
But if the plant itself cannot either assimilate free nitrogen, or
effect its combination so as to bring it into a state for 1ts use,
may not such combination take place under the influence of
the soil?

More than thirty years ago, Mulder argued that in the last
stages of decomposition of organic matter in the soil, hydrogen
was evolved, and that this nascent hydrogen combined with

the free nitrogen of the air, and so formed ammonia.

* * This elevation is probably going on at present also.
List of Elm’aons, by H. Gannett, U. S. Geol. Survey, Miscel. pub. No. 1, 3d
ion, p. 47.
$ See Ives Exploring Expedition, Geol. Rep., p. 47, also p. 57 of Macomb’s Ex-
ploring Expedition to the junction of Grand and Green Rivers.
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A few years ago Dehérain substantially revived this view.
He maintained that at a certain depth the air of the soil is poor
in, or destitute of, oxygen; that hydrogen is evolved from the
decomposing organic matter; that it unites with free nitrogen
to form ammonia; and, that so, combined nitrogen increases
in the soil in spite of the growth and removal of crops. This
view he supports by some laboratory experiments.

It is obvious that if the reality of this action in soils were
unquestionably established, 1t would %reatly aid the solution
of the question we are discussing. There, are, indeed, results
of others on record which would seem to lend it probability.

Thus, Bretschneider found, on exposure of a mixture of
humic acid and quartz sand to the air for a whole year, under
conditions in which it was protected from rain and insects, that
there was a gain of combined nitrogen which would represent
an increase of more than 40 lbs. per acre.

Again, Boussingault exposed a moist garden soil for three
months, and found a small gain of nitrogen. His explanation,
was, however, different. He supposed it possible that ozone
mi%ht be evolved in the oxidation of organic matter in the
soil, and unite with free nitrogen, and so nitric acid be pro-
duced, and the soil gain in combined nitrogen. In other ex-
periments Boussingauit put mixtures of vegetable mould and
pure sand 1n small quantities in large glass vessels which he
perfectly closed and preserved in a dark cellar for a whole

ear. At the end of that period oxidation of organic matter
ad taken place, nitric acid was found, but there was upon the
whole a small loss of combined nitrogen. Lastly in regard to
Boussingault's results bearing upon this point, it has alread
been shown that in all of his experiments with plants in whic{
his soils consisted of ignited pumice, ignited brick, or the like,
without organic matter, he found no gain of combined nitro-
gen in soil and plant. In 1858 and 1859, however, he made a
number of experiments on growth, in which part of the soil
consisted of rich garden mould ; and in two cases with lupins
growing in confined air, and in one with haricot growing in
free air, his results showed a notable gain of combined nitro-
gen: and although the quantity of garden mould employed
was not the same in the three cases, the gain of nitrogen was
approximate(]iy in proportion to the amount of soil used. The
gain was, indeed, in the soil rather than in the plant. In the
other experiments, however, either mnuch less, or no gain was
indicated.

Much more recently, Boussingault has published the results
of experiments which showed that when a garden soil was con-
fined for about eleven years in closed glass vessels in an atmos-
phere containing oxygen, the free nitrogen did not serve for

J—
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the formation of nitric acid within it; but, on the contrary, the
soil lost a portion of its combined nitrogen.

Since the delivery of this lecture, M. Berthelot (Compt.
Rend., t. Ixxxii, p. 1857) has stated that in experiments in
which he exposed moistened cellulose to an electric current in
an atmosphere of nitrogen, he found nitrogen taken up, and a
fixed nitrogenous body formed. Referring to the last men-
tioned experiments of M. Boussingault, and his conclusions
from them, M. Berthelot objects that the soils being in closed
glass vessels, the intervention of atmospheric electricity was
excluded, and the conditions of the experiments were, so far,
unlike those of a natural soil.

Being very desirous to know the present opinion of M.
Boussingault on the various points involved in this important
question of the sources of the nitrogen of vegetation, 1 wrote
to him shortly after undertaking to give this address, and asked
whether he would be kind enough to favor me with a state-
ment of his views on certain points. Unfortunately his reply
did not reach me until after the delivery of the lecture; but,
with his permission, I am now enabled to contribute a very
valuable addition to the discussion in the form of a translation
of the more essential parts of M. Boussingault’'s letter. He
says :—

{(1.) In confined stagnant air, or in air moving through a
closed apparatus, after previous purification. but still contain-
ing carbonic acid, plants growing in a soil destitute of nitro-
genous manure, but containing the mineral substances indis-
pensable for the vegetable organism, do not assimilate the
nitrogen which is in a gaseous state in the atmosphere ”

“(2.) In the open air, in a soil destitute of nitrogenous man-
ure, but containing the mineral substances necessary for the
vegetable organism, glanta acquire very minute quantities of
nitrogen, arising, no doubt from minute proportions of fertiliz-
ing nitrogenous ingredients carried by the air, ammoniacal
vapors, and dust, always containing alkaline or earthy nitrates.”

“(8.) In confined stagnant air, or in air renewed 1n a closed
apparatus, a plant growing in a soil containing a nitrogenous
manure, and mineral substances necessary for the vegetable
organism, or in fertile vegetable earth, does not assimilate free
nitrogen.”

- “(4) In field culture, where dung is applied in ordinary
quantities, analysis shows that there is more nitrogen in the
crops than was contained in the manure applied.”

“This excess of nitrogen comes from the atmosphere, and
from the soil.”

“(A.) From the atmosphere, because it furnishes ammonia
in the form of carbonate, nitrates or nitrites, and various kinds
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of dust. Theodore de Saussure was the first to demonstrate
the presence of ammonia in the air, and consequeetly in
meteoric waters. Liebig exaggerated the influence of this
ammonia on vegetation, since he went so far as to deny the
utility of the nitrogen which forms a part of farm-yard manure.
This influence is, nevertheless, real, and comprised within
limits, which have quite recently been indicated in the remark-
able investigations of M. Schlosing.”

“(B.) From the soil, which, besides furnishing the ecrops
with mineral alkaline substances, provides them with nitrogen,
by ammonia, and by nitrates, which are formed in the soil at
the expense of the nitrogenous matters contained in diluviam,
which is the basis of vegetable earth; compounds in which
nitrogen exists in stable combination, only becoming fertilizing
by the effect of time. If we take into account their immensity,
the deposits of the last geological period must be considered as
an inexhaustible reserve of fertilizing agents. Forests, prairies,
and some vineyards, have really no other manures than what
are furnished by the atmosphere, and by the soil. Since the
basis of all cultivated land contains materials capable of giving
rise to nitrogenous combinations, and to mineral substances,
assimilable by plants, it is not necessary to suppose that in a
system of cultivation the excess of nitrogen found in the crops
is derived from the free nitrogen of the atmosphere. As for
the absorption of the gaseous nitrogen of the air by vegetable
earth, I am not acquainted with a single irreproachable obser-
vation that establishes it; not only does the earth not absorb
gaseous nitrogen, but it gives it off, as you have observed in
conjunction with Mr. Lawes, as Reiset has shown in the case of
dung, as M. Schlosing and I have proved in our researches on
nitrification.”

“If there is one fact perfectly demonstrated in physiology,
it is this of the non-assimilation of free nitrogen by plants;
and I may add by plants of an inferior order, such as myco-
derms, and mushrooms.”

Numerous experiments of Schlosing indicate a similar result
to that last quoted of Boussingault. He selected a soil rich in
humus, containing about 16 per cent of moisture, and 0263
per cent of combined nitrogen. Known quantities of it were
Flaced in large wide glass tubes, and during a period of about
our months, he aspirated over them air containing respee-
tively from 15 to 21 per cent of oxygen. He determined the
carbonic acid in the air passing off, and the nitric acid in the
soil before and after the experiment. He found that both the
combustion of the organic matter, and the formation of nitric
acid, were ver consiﬁerable, even with the lowest proportion
of oxygen in the air; but that the formation of the nitric acid

| _;_‘.
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in particular was very much the greater, the larger the propor-
tion of oxygen in the air.

In a second set of experiments, he used the soil in a moister
condition ; and instead of the experiment in which the air con-
tained only 15 of oxygen, he employed pure nitrogen; and
the experiments extended over a period of about six months.
In the case in which the aspirated air contained no oxygen,
the whoie of the nitric acid previously existing in the soil dis-
appeared ; but in the other cases there was a considerable for-
mation of nitric acid.

In a third set of experiments, Schlosing determined the
nitric acid in the soils, and added known quantities of potas-
sinm nitrate in a dilute solution. The mixture was enclosed
i a flask of several times the capacity of the volume of soil.
At the conclusion of the experiment only traces, if any, of gas
containing hydrogen and carbon were present in the air of the
vessel. The amount of ammonia in the soil increased con-
siderably, but in only small proportion to that which the nitric
acid would yield. At the en({) of the first experiment more
potassium nitrate was added, and an atmosphere of known
volume and composition supplied. At the conclusion of this
experiment the soil contained no nitric acid; the amount of
ammonia was increased, but again in only small proportion to
the amount which the nitrate would yield. There was indeed
a loss of total nitrogen in the soil.

Schlosing concludes that the combustion of organic matter
in the soil 18 accompanied by a loss of nitrogen: that the com-
bustion may be at the cost of the air as in the experiment of
Boussingault, or at the cost of nitrates, of ferric oxide, or of
the oxygen of organic matter, as in his own experiments,

1t wil% be seen that on this important point of whether or
not the soil may acquire combined nitrogen either in the form
of ammonia by the combination of free nitrogen with nascent
hydrogen evolved in the decomposition of organic matter in
defect of oxygen, or in the form of nitric acid by the oxyda-
tion of free nitrogen, the evidence 1s, to say the least, conflict-
ing. The more recent results of Boussingault, and those of
Sechlosing, would, however, indicate a greater probability of a
loss of combined nitrogen, and evolution of free nitrogen.

Judging of the probabilities by reference to some of the re-
sults of our own investigations, we think that they are rather
against than in favor of the supposition that there is any
material gain of the kind assumed by Mulder and Dehérain.
It may be well, however, briefly to call attention to some few
facts which seem to bear upon the point, ' whether in favor, or
otherwise, of the view in question.

Awx. Jour. Sc1,—THIrRD SeRIES, VoL. XIII, No. 75.—MARCH, 1877,
13

B,
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The action assumed by Mulder and Dehérain, if it have
place at all in soils in their natural condition, would be sup-
posed, and 1s assumed, by Dehérain, to occur in layers suf-
ficiently deep to be poor in oxygen. In the lower layers of
the soil there is, however, a deficiency of carbonaceous organie
matter also. Again, if such formation of ammonia do take
place, it 1s probable that some at any rate of it must be oxi-
dized into nitric acid; a condition which, on the other hand,
implies an atmosphere not poor in oxygen. Thus, numerous
results of analysis of the drainage water from many of the ex-
Eerimenml plots at Rothamsted, to which further reference will

e made presently, show that nearly the whole of the combined
nitrogen in the drainage collected at a depth of about thirty
inches, exists as nitrates and nitrites ; which, obviously, would
hardly be the case if the solution passed through a considera-
ble layer of soil, the interstices of which contained an atmos-
phere poor in, or destitute of, oxygen.

Again, assuming such formation of ammonia to take place in
the upper layers of the soil, where there is the most organie
matter, and much oxidation of it, the supposition would be
that the conditions would favor oxidation rather than the for-
mation of ammonia from free nitrogen; and the fact of the
formation of a good deal of nitric acid by the oxidation of
nitrogenous organic matter, or ammonia, in the surface soil,
is sufficiently established.

Further, 1f it were to the action assumed by Mulder and
Dehérain taking place in the upper layers of the soil that we
owe the supplies of combined nitrogen available to leguminous
and other plants which assimilate so much more of it over a
given area than the Gramines, the question may be asked—
why cannot the Graminese avail themselves of this superficial
supply? On this point it may be mentioned that, on some
parts of the experimental wheat and barley fields at Rotham-
sted, farm-yard manure has been applied year after year, for a
quarter of a century or more, in quantity containing perhaps
six or seven times as much nitrogen as is removed in the in-
crease of crop, and that thus the percentage of nitrogen in the
surface soil has been more than doubled. Yet, as large a pro-
duce of barley, and a larger Emduce of wheat, i1s annually
obtained by the use of very much smaller quantities of nitrogen,
as ammonia-salts or nitrate. It would thus appear that the ni-
trogen of the farm-yard manure was only available to the cereals
after its transformation into ammonia or nitric acid. Unfortu-
nately, we are not at present able to adduce direct experimental
evidence as to the condition in which the large amount of ineffi-
cient nitrogen exists in the soil, or as to whether a leguminous
crop would or would not grow luxuriantly in it, but there is

J——



J. H. Gilbert-—Points in connection with Vegetation. 187

little doubt that it would do so. On the other hand, a good
crop of clover would appear to be attainable in soil comparatively

~ poor in nitrogen in its upper layers, and comparativell_)y poor 1n
organic matter also: for, in the experiments already referred to
in which barley was grown after barley and after clover, the
large amount of clover obtained, and nitrogen assimilated in it,
was after six corn crops grown by artificial manure alone ; con-
ditions under which the amount, both of available nitrogen, and
of organic matter, in the upper layers of the soil, would be sup-
posed to be comparatively small.

The answer of Dehérain would probably be, that under the
eircumstances supposed, the nitrogen would be in a condition
of combination not favorable for assimilation by the Gramines ;
that, in fact, the ammonia formed would combine with organic
acids in the soil, yielding compounds specially favorable as food
for the Leguminose. An objection to this view is, that if the
accumulation in the soil by time, of nitrogen in a condition
specially favorable for the Leguminos® were such as is here
assumed, we should expect the amount of nitrogen in the soil,
determinable by the soda-lime process, to be higher before than
after the growth of a leguminous crop ; whereas, on the contrary,
after the growth of a leguminous crop, the amount of nitrogen
so determinable in the upper layers of the soil is very apprecia-
bly increased.

The evidence in favor of the supposition that the special
source of nitrogen to the Leguminosse 1s ammonia, or other
compounds than nitric acid, in the upper layers of the soil, is
then, to say the least, inconclusive. It remains to consider
whether it may not be nitric acid, either in the soil or in the
subsoil ?

As already said, there is abundant evidence of the formation
and existence of a considerable amount of nitric acid in surface
soils; even in such as contain a relatively high amount of car-
bonaceous and nitrogenous organic matter. For example, a
soil at Rothamsted which has been under garden cultivation,
and as such probably manured almost every year for centuries,
has successfully grown clover every year for more than twenty

ears. This soi% was shown by the late Dr. Pugh, and has
n again recently by Mr. Warington, to contain a consider-
able amount of nitric acid. But such a soil would, there i1s no
doubt, grow large crops of Gramine® also; which direct ex-
periments show to attain great luxuriance under the influence
of artificially applied nitrates. But such a rich garden soil
containg an abundance of every thing—mineral constituents,
carbonaceous organic matter, and combined nitrogen in various
forms, and thus the exact conditions which it supplies favor-
able to the Leguminose cannot at once be discriminated.
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The fact of the comparatively little, or at least uncertain action
of directly applied nitrates on the growth of the Leguminoss,
would seem to be inconsistent with the supposition that it is
the nitric acid in such a surface soil that has given it its special
adaptation for the growth of clover for so many vears—unless,
indeed, it be the case, that 1t 18 much more available to such
crops when in combination with some bases than with others.
he next point to consider 13, whether there are any facts in

favor of the supposition that clover, and leguminous crops
generally, acquire any material proportion of their nitrogen in
lower layers, and in a more extended range of the soil, than
the Gramines. As an element in the discussion of this ques-
tion, it will be well in the first place to call attention to the
effects of direct nitrogenous manures, such as ammonia-salt, or
nitrates, on the growth of some of our crops.

In Table VIII is shown the estimated amounts of carbon,

ielded per acre per annurm, in wheat over twenty years, in
%ar]ey over twenty years, in sugar-beet over three years, and
in beans over eight years; each with a complex mineral
manure alone, and each with the same mineral manure and
given quantities of nitrogen in addition, supplied in some cases
in the form of ammonia-salts, and in others as nitrate. The
gain of carbon by the use of the nitrogenous manure is also
given.

TaBLE VIII.—Estimated yield and gain of Carbon per acre, per annum, in expers-
mental Crops at Rothamsted.

Average Carbon|
per acre,
Manuring, Quantities per acre, per annum. per annum.
Actual | Galn.
Wheat 20 years, 18521871,
R 1bs, Ibs.
Oomplex Mineral MADOYE ...cicisccssrcoveinnbbavibetouns e 988
Complex Min. Man. and 41 lbs. nitrogen, as ammonia .. ........ 1590 | 602
Complex Min. Man. and 82 lbs. nitrogen, as ammonia - .. .. ... 2222 | 1234
Complex Min. Man. and 82 1bs. nitrogen, as nitrate ... ___..._._._| 2600 | 1512
Barley 20 years, 1852-18T1.
_éomplex MOkl Mantbe .. ... i .. .5 s RN e 1138
Complex Min. Man, and 41 1bs. nitrogen, as ammonia - ......... | 2088 | 1150
Sugar-Beet 3 years, 1871-1873.
Somplet MIneral MABUIS . ....cccc;oenvensans ittt ath it 1136
Complex Min. Man. and 82 lbs. nitrogen, as ammonia . ... ...... 2634 | 1498
Complex Min. Man. and 82 lbs. nitrogen, as nitrate . .. ... ...... 3081 | 1945
Beans 8 years, 1862 and 1864-1870.

COIDIOR TEEEEE BANOYS . o rcocrtcacracsnroscrnsasnded Rl 726
Complex Min. Man. and 82 lbs. nitrogen, as nitrate ____..._._._._. 992 | 266
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It 18 quite evident that in the case of the gramineous crops,
wheat and barley, which contain a comparatively low per-
centage of nitrogen, and assimilate a comparatively small
amount of it over a given area, and also in that of the sugar-
beet. there was a greatly increased amount of carbon assimi-
lated by the addition of nitrogenous manure alone. In the
case of the wheat, there is much more effect from a given
amount of nitrogen supplied as nitrate, which is always applied
in the spring, than from an equal quantity as ammonia-salts,
which are applied in the autumn, and are subject to winter
drainage. here 18 also more effect from ammonia-salts
applieg to barley than to wheat; the application being made
for the former in the spring and for the latter in the autumn.
There 1s again more e[Ef)'ect from the nitrate than from the
ammonia-salts when applied to sugar-beet, the application
being made in both cases at the same date, in the spring.

On the other hand, the effect of the nitrogenous manure
upon the highly nitrogenous bean crop is seen to be, compara-
tively, very insignificant.

In reference to this point, it should be observed that there
has been this greatly increased assimilation of carbon in the
wheat and in the barley for more than twenty years, without
the addition of any carbon to the soil. It is indeed certain
that, in the existing condition of our soils, the increased growth
of our staple and starch-yielding grains 1s greatly dependent
on a supply of nitrogen to the soil. It 1s equally certain that
the increased production of sugar in the gramimeous sugar-
cane, in the tropics, is likewise greatly dependent on the supply
of nitrogen to the soil.

In reference to the great increase in the assimilation of car-
bon in the sugar-beet by the use of purely nitrogenous
manures, it may be of interest to observe that over the three
years of the experiments with sugar-beet, the increased produc-
tion of sugar per acre per annum was about 20 cwts. by the
use of 82 lbs. of nitrogen per acre per annuin as ammonia-salts,
and about 28 cwts. by the use of 82 lbs. of nitrogen as nitrate
of soda.

It 18 then our characteristically starch and sugar-producing
crops that are the most characteristically benefited by the
application of nitrogenous manures; while our highly nitro-
genous leguminous crops are comparatively little benefited by
such manures.

Proportion of nitrogen of manure got back by the increase of
crops.—But now let us consider what is the proportion of the
nitrogen supplied in manure that we get back in the increase
of the crops that are most specially benefited by its use?

In Table IX is shown the amount of nitrogen recovered, and
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the amount not recovered, in the increase of crops for 100 sup-
plied in manure, to wheat, and to barley, respectively; the
result being in each case the average over a period of twenty
years.

TAaBLE IX.—Nilrogen recovered, and not recovered, in the increase of Produce, for
100 supplied in Manure.

For
I 100 Nitrogen in
Manure,

Manuring, quantities per acre, per annum.
Recov- | cvores
ered in | ©° in

Incrise.! Incr'se.
Wheat 20 years, 1852-18T71.
Complex Min. Man. and 41 Ibs. nitrogen, as ammonia .. _....... 324 | 6716
Complex Min. Man. and 82 lbs. nitrogen, as ammonia . .. .. .. _. 329 | 671
Complex Min. Man. and 82 lbs. nitrogen, as nitrate . .. ... __.._. 453 | 547
Barley 20 years, 1852-1871.
[Complex Min. Man. and 41 1bs. nitrogen, as ammonia . .. ... ... | 481 I -51'9_‘

——

Speaking generally, it may be said that, nothwithstanding
the great effects produced by the nitrogenous manures, two-
thirds of the nitrogen supplied were unrecovered in the increase
of crop when the ammonia-salts were awlied to wheat; the ap-
plication being made in the autumn, hen, however, nitrate
of soda was used, which is always applied in the spring, the
quantity left unrecovered was not much more than half that
supplied. ~With barley also, the manuring for which takes
place in the spring, there is again nearly half the nitrogen sup-
Flied in the manure recovered in the increase, and therefore
ittle more than half left unrecovered.

It may be observed that, in the case of root-crops, when the
supply of nitrogen is not excessive, the proportion of the nitro-
gen of the manure recovered in the increase may be much greater
than in the case of the cereals; while in the case of the Legu-
minos@ the effects of such direct application of soluble nitro-
genous manures to the surface soil i1s comparatively so small,
and so uncertain, that it would be useless to give an estimate
of the amounts recovered and not recovered respectively.

But what becomes of the one-half or two-thirds of the nitro-
gen supplied for the increased growth of the cereals, but not
recovered in the increase of crop? Dr. Frankland and Dr.
Voelcker have made numerous analyses of the drainage water
from the experimental wheat plots which have yielded the results
above referred to, and a summary of their results is given in

Table X.
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TasLe X.—Nitrogen as Nitrates and Nitrites, per 100,000 parts of Drainage Water
from Plots differently manured, in the Experimental Wheat Field at Rothamsted,

Wheat every year, commencing 1844.

Nitrogen as Nitrates and Nitrites, per 100,000
- parts Drainage Water. r
anuring, .
Quantities per acre, per annum. Dr. Frankland's| Dr. Voelcker's
Results. Results. ]
iy Experi- Experi-| Experi-|
ments. ments. ments,
Farm-yard Manure. ... ... ... .... 4 |0922 2 1606 6 1-264
ROt Mannre. . . cccccccccnncona 6 |0:316 5 0390 11 0-363
Mineral Manure .. ........ 6 | 0349 5 (0506 11 |0-428
plex Min. Man. and 41 Ibs. ; . R
nitrogen, as ammonia . .. ... 6 |0'793 5 |0°8563 11 | 0'823 |
Complex Min. Man. and 82 lbs, . : 420 |
nitrogen, a8 AMMONIA - .. . - - - ... 6 1477 | o 1-400 11 1439
Complex Min. Man., and 123 Ibs. | _ _ ;
nitrogen, as ammonia ... . ... . . - 6 1-9561 O 1'679 11 1'815
Oomplex Min. Man. and 82 lbs. _ , /
nitrogen, 88 Ditrate ... .. 5 1:039 b 1-835 | 10 1°437 |

The figures in the Table conclusively show that the quantity
of nitrogen as nitrates per 100,000 parts of the drainage water,
increased in very direct pm{)ortion to the increase in the amount
of ammonia or nitrate supplied, and it is obvious that there has
been a considerable loss of the nitrogen of the manures by
drainage. But as the subsoil- rests upon chalk not many feet
below the surface, and there is, therefore, natural drainage con-
stantly going on, even when there is no flow from the pipes, it
18 impossible accurately to estimate the total amount of drainage,
and therefrom the total amount of loss. Other experiments at
Rothamsted, however, lead to the conclusion that, according to
season, from one-quarter to nearly one-half of the annual rain-
fall may pass below 40 inches. FFOW, supposing drainage water
to contain one part of nitrogen as nitrates per 100,000 Earts of
water, an inch of rain passing beyond the reach of the roots
would carry with it 2} 1bs. of nitrogen per acre; and it 1s obvi-
ous that if from seven to ten inches passed annually of that av-
erage strength, the loss would be very great. In reference to
this point it is of much interest to observe, that in the Report
of the River's Pollution Commission already referred to, Dr.
Frankland gives a series of analyses of land drainage waters
collected at Rothamsted, at depths of twenty, forty, and sixt
inches, respectively ; and those collected at twenty inches, al-
most invariably show much more nitrogen as nitric acid than
those taken at either forty or sixty inches. It would thus ap-
Eear to be indicated that a consigerab]e amount of nitric acid

as been arrested in the soil below the depth of twenty inches.
Further, determinations of nitrogen in the soils do show some
accumulation. Indeed, it would appear probable, that the whole
of the nitrogen applied to the wheat as ammonia salts or nitrate
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of soda, was either recovered in the increase of crop, or may be
accounted for by determinable accumulation within the soil, or
by loss by dramage

In ordinary agriculture, the amounts of soluble nitrogenous
manures applied would generally be much less than in some of
these special experiments; and the losses by drainage would
from that cause alone be proportionately less than that shown
above. Much, obviously, would also depend upon the charac-
ter of the soil and of the subsoil. Again, in an ordinary rota-
tion of crops, more of the supplied nitrogen would probably be
gathered up before it reacheé the lower layers, than in the case
of a cereal crop grown year after year on the same land. It
may be safely concluded, however, that whenever cereals were
grown, a material proportion of the nitrogen specially applied
to, or existing in the soil, which would be available to other
crops, would not be so to them but would in the first instance
accumulate 1n the surface soil, and gradually pass into the lower
layers in the form of nitrates, to be eventually lost by drainage
if not arrested by some other croy.

The question obviously arises, whether we have not here a
source of some at least of the nitrogen available to leguminous
or to other plants having possession by their roots of a greater
range of subsoil than the Gramineze. We have evidence enough
that although wheat and barley send roots down very deep into
the subsoil, and pump up moisture from the deeper layers, they
nevertheless derive mu % of their nitrogen within the surface
soil. If the Leguminosa do not so readily do so, or at any rate

naturally depend more upon the nitrogen in the lower ﬁtyera
for a considerable proportion of that which they require, and
moreover are able to avail themselves of the residue from the
manuring for other crops, what is the nature of the problem
that we may have to solve to elucidate this point?

By way of illustration it may be mentioned that, supposing
a leguminous crop to acquire 100 Ibs. of nitrogen per acre from
a layer of subsoil three feet in thickness, weighing approxi-
mately 10,000,000 Ibs. (exclus<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>