
20 J. H. Gilbert— Points in connection with Vegetation. 

Art. I1.—On Some Points in Connection with Vegetation: by 
Dr. J. H. GinBert.* 

THE subject of vegetation is such a very wide one, and might 
be treated of in so many different ways, that it seems desirauaa 
to state at the outset what is the scope, ‘and what are the limits, 
of the discussion which I propose to bring before you. I pro- 
pose, then, to confine attention almost exclusively. to the ques- 
tion a the Sources pol the nitrogen of vegetation in general, and of 

now thirty-three years of our cultural investigations; and, 
also, in so far * Me illustrates, and is eturciig by, the objects 
contributed by Mr. Lawes to the Exhibition around us. 

Before Goin > on the Eecal pate g mate of my dis- 
course, I must claim the indulgence of those present, who are 
already well acquainted with the main facts of the chemistry of 
vegetation, while I call attention, very briefly, io some rather 
elementary matters, with a view of rendering what has to follow 
the more intelligible to any who may be less fully informed on 
the subject. 
When a vegetable substance is burnt—as a familiar meta 

let us say tobacco, for example—the greater part of it is dissi- 
pated, but there remains a ap a ash. The ashes of Pe or 
unripe vegetable substances are found on analysis to contain 
most, or all, of a. following Seb ae namely :— 

xide of i iron, oxide of manganese, lime, ara Lage: 
soda, eipat ric ‘acid, sulphuric acid, chlorin e, and si 

Rarer substances than these are also ee ae Now, 
much as of late —. been established in regard to the occur- 

h 
involved. It will suffice further to say in regard to these in- 
combustible, or ‘‘ mineral” constituents, that the ash of one and 
the same descri ription of plant, growing on different soils, may, 
so long as it is in the growing or immature state, differ very 
much in composition. Again, the ashes of different species, 
growing on the same soil, Bie differ very mer) in the propor- 

we approach to the aati ation of the final products of the plant 
the seed, for example —the more fixed is the composition of — 

oe of such products of one and the same species. In other — 
* An address delivered at South Ke: ene eee he Chemical Section of - 

Science Conferences, by Dr. J. H. Gilbert, F -R.S., F.LS., F.C.8. 



J. H. Gilbert— Points in connection with Vegetation. 21 

words, there is very little variation in - composition ry the 
ash of one and Ey same description of seed, or other final pro- 
duct, provided: it be evenly and peifectly matured, This fact 
alone, Dearpeacently of all that has been established of late 
years in regard to the office or function, so to speak, of indi-, 
vidual mineral constituents of plants, would be sufficient to 
Boat, the essentialness of such constituents for healthy, 
rowth ; and it is obvious that they must be provided within 
he des 

w as to the combustible tae yt pe earbon, the 
isdrieee the oxygen, and the nitrog Leaving out of con- 
a th such exceptional cases as Shee brought to light in 

win’s beautiful investigation on insectivorous plants, 

and ius the sources of the organic substance of fungi, and per- 
haps of some forced nee nea productions, it may ‘be stated, 
that the source of t arbon of vegetation generally i is the 

actual amount, in the atmosphere; that the source of the 
hydrogen is water; and that the source of the oxygen may be 
either that in carbonic acid, or ae in water. 1 d 
the nitrogen the case is, howev t, by no means so simple. Not 
that there are no questions still open for Biers in regard 
to the assimilation by plants of their incombustible or apes 
constituents, or of their carbon, their ydrogen, sad their oxy- 
gen; but those relating to the sources, and to the saniailniicn 
of their nitrogon, are not only in many respects of more impor- 
tance, but seem to involve greater difffeulties in their solution. 

hat, then, are the sources of the nitrogen of Medico 
Are they the same for all descriptions of plants? Are they to 
be sought entirely in the soil? or ae in the atmosphere? 
or partly in the one, and partly in the othe 

Amount of nitrogen carried down by blgiephiertc precipitation. 

in rain, hail, snow, mists, fog, and dew, does undoubtedly con- 
tribute to the annual vield of nitrogen in our crops, let us first 
nigel ipa ed what is known as to the amount of it annually 
so comi own over a given area of the earth’s surface; and 
as we are rik discussing the subject in England, I will adopt 
the Euglish pound as the unit of weight, and the English acre 
as the unit of area. The following table shows the sthoant of 
ee coming down as ammonia and nitric acid in the total 
rain, hail, snow, and some of the minor deposits, during the 
years 1853, 1855, and 1856, at Rothamsted (Herts), the nitrie 
acid being, in all cases determined by Mr. Way, and the 
ammonia in some cases by him, and in otbers by ourselves:— 
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TaBLE I.— Combined Nitrogen in Rain and Minor Aqueous Deposits at Rothamsted. 

Nitrogen per acre, per annum, Ibs. 

1853. | 1855. 1856. Mean. 
8 ammonia... 2.2... 5°67 5°86 7°85 6°46 

AS Nitric acid. . 22222) s- (not determined) O17 0-73 0°75 

ee 6°63 8°58 1-21 

Numerous determinations of the ammonia and nitric acid in 

they indicate lower amounts. Lastly, M. Marié-Davy deter- 
mined the ammonia in the rain, etc, collected at the Meteoro- 
logical Observatory at Montsouris, Paris, during the last six 
months of 1875; and the amount of ammonia so coming down, 
even within the walls of Paris, represented only 5-25 Ibs. of 
combined nitrogen Bo acre, or only 105 Ibs. per acre, per 
annum. M. - 

initiativ ults agree with the experiments of oth show- 
ing the amount of combined nitrogen to be og wonbteld small 

us, determinations hitherto made oant of 

or ten lbs. per acre, per annum, in the open country, in Western 
Europe. It should be observed, however, that the amount of 
ammonia especially is very much greater in a given volume 
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of the minor aqueous deposits than it is in rain; and there can 
be little doubt that there would be more ammonia deposited _ 
from them within the pores of a given area of soil, than on an 
equal area of the non-porous even surface of a rain auge. 
ow much, however, would thus be available to the vegetation 

of a given area beyond that determined in the collected and 
measured aqueous deposits, we sp not the means of estimat- 
ing with any certainty. On other hand, numerous inde- 
pendent determinations, by both. Dr. Voeleker and Dr. Frank- 
land, of the ae ote Re the drainage-water collected from land 
at Rothamsted w d been many years unmanured, lead to 
the conclusion thes “there any be a considerable annual loss of 
nitrogen by the soil in that 
Amount of nitrogen derived rs crops of different kinds when grown 

without manure.—The next point to consider is, what is the 

amount of nitrogen annually obtained over a given area, in 
different crops, when they are grown without any supply of i 
in manure. This point may be illustrated by t 
obtained in the field experiments on Mr. Lawes’ farm at 
Rothamsted, which have now been in progress for about a third 

= 

TaBLe Il.—Yield of Nitrogen per acre, per annum, in Wheat, Barley, and Root 
Crops, at Rothamsted. 

f oe Sirceen is . a - cin 
Crop. &e. ig, &e Experiment. per acre, 

per annum. 

Unmanured 

Wheat. 1 

Complex Mineral Manure------.-- 12 yrs. 1864-75 172 
24 yrs. 1852-'75 22°71 

12 yrs. 1852-’63 22°0 
12 yrs. 1864-75 146 
24 yrs. 1852-"75 183 

f; Unmanured 

f 

| 
12 yrs. 1852-'63 27-0 

Barley. + 12 yrs. 1852-63 26°0 
Complex Mineral Manure --------- 12 yrs. 1864-75 188 

24 yrs. 1852-75 22°4 
l 

Tarmiph 2-222 8 yrs. 1845-52 42:0 
Complex Lo Seen © 3 yrs. 1853-’55 24:3 

Boot Mineral ec 15 yrs. 1856-70" | 18°5 
Crops. 1} Manure. Sugar-beet _._._- 5 yrs.187175 | 131 

OS ee 31 yrs. 1845-15 26°8 

* Thirteen years’ crop—two years failed. 
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of a century. Table II shows the yield of nitrogen per acre, 
per annum, in wheat, in barley, ard in root crops, each grown 

has yielded an average of 20-7 lbs. of nitrogen, per acre, per 
annum, without manure. But if we look at the quantities 

have not conclusive evidence to show. Determinations of nitro- 
gen in samples of the soi! taken at different times during the 
course of the experiments do, indeed, show an appreciable reduc- 

seen that while over the next twenty-four years, 1852-1875, 
the wheat yielded 19-3 lbs. of nitrogen, per acre, per annum; 
the barley yielded an average of 183 lbs. over t 
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To sum up the evidence in regard to the sources of the nitro- 
en of these two ter gramineous plants, when none of it is 

supplied to them ure, though it is not conclusively 
shown whence the whole da it is derived, it would at any rate 

e@ down in rain e 
aqueous Heponlte from the atahopiieg by the condensation of 
the ammonia of the air within the pores of the soil, and by the 
previous seiner be within the soil. 

Let us now consider what is the a of nitrogen by plan 
of other natural families, and first of all by ce ertain s0- Laer 
“ root-crops”—turnips of the natural me Cruciferee, and sugar 
beet of the order Chenopodiaces. On this point we have the 
experience of thirty-one years, excepting that during three of 
those years barley was grown without any manure in order to 
equalise the condition of the land as far as possible before re- 
arranging the manuring, and during two other years the turnips 
sestes there was no crop. 

uld be premised that when root-crops are grown Kiem 
out capi of any kind, there is after a few years scarcely a 
produce at all; and hence the results recorded in the sits ii are 
those obtained by the use of mineral manures, but without a 

Swedish turnips, and two without any on there was a yield 
of 18°5 lbs. per acre annually. During the ; 
beet yielded 13-1 Ibs. per acre, perannum Lastly, over the 
whole thirty-one years, during which there were tbree crops of 
arley, two years without any crop, twenty-one years of turnips, 

and five of sugar-beet, the average anpual yield was 26°8 Ibs. 
of nitrogen. 

ere, then, we have a reduction to less than one-third during 
the later compared with the earlier years, and to a lower point 
han even with either wheat or barley; though, during the 
whole period, the annual yield is higher than with either of the 
two gramineous cro t may be mentioned that we have 
other experimental evidence showing that the so-called * root- 
crops” exhaust at any rate the superficial layers of the soil of 
their available supplies of nitrogen, more completely than per 
8, any other crop. It may further be added that the surface 

mental field 
have fair grounds for concluding, pe ah that if in the cases 
of the wheat and the barley the nitrogen yielded beyond that 
retained by the soil from the direct measurable aqueous deposits, 
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together with that condensed within the pores of the soil from 
the atmosphere, be derived from previous accumulations within 
the soil, so also may the excess of yield by the so-called “ root- 
crops” be accounted for. 

TaBLe III.— Yield of Nitrogen per acre, per annum in Beans, in Red Clover, and 
in Rotation. Re 

eae an Duration Witenes 
— as Experiment. ier anErahe 

Tbs. 
12 yrs. 1847-’58 48°1 

Unmanured 12 yrs, 1859-'70(*)| 14:6 
24 yrs. 1847-70 313 

Beans 

12 yrs, 1847-58 61°5 
Complex Mineral Manure_._..__.__ 12 yrs. 1859-'70(*)| 29°5 

24 yrs. 1847-’70 45°5 

lover Unmanured -- | 22 yrs. 1849-’70(+)} 30°5 
Complex Mineral Manure-_.__..._. 22 yrs. 1849-’70($)} 39°8 

Barley lyr.1873 37°3 
Clover ' Unmanured : { 1 yr. 1873 151°3 

§ After Barley’ 1 yr. 1874 39°1 Barley /Unmanured.-_..__.- { After Clover} 1 yr. 1874 69-4 
Barley after Clover more than after 30°3 

Barley 

1 Turnips Unmanured | 28 yrs. 1848-75 36°8 
Rotation 2 Barley 
7 Courses | ) 3 Clover or Beans Superphos- 

4 Wheat phate....| 28 yrs. 1847-75 45:2 

70 
acre, per annum. Still, over the whole period of twenty-four 
years, we have an annual yield of 31:3 Ibs., or more than one 
and a half time as much as in either wheat or barley. 

_ (*) Nine years Beans, one year Wheat, two years fallow. 
Woeer gare Clover one year Wheat, three years Barley, twelve years fallow. 

Re ee 



J. H. Gilbert—Points in connection with Vegetation. 27 

In the ease of wheat and barley it was seen that a mixed 
mineral manure increased the yield of nitrogen to a very small 
degree only. Not so in the case of the leguminous crop, beans. 
During the first twelve years a complex mineral manure, con- 
taining a large amount of potass—I call attention to this fact 
because we have abundant evidence that it is the potass chiefly 
that is effective—gave 615 Ibs. of nitrogen per acre per annum 
against 48-1 lbs. obtained over the same , period without manure. 

uring the next twelve years, _ nee manure gave 29°5 lbs. 
against scarcely half as much, or 14°6 lbs. without the potass 
manure. And finally, aaa thie rf period of twenty-four 
years, the potass manure has given 45° lbs. of nitrogen per 

ure; and w 
yielded by a potass manure over a period of twenty-four years 
with beans than with either wheat or barley. 

Before calling attention to the figures relating to another 
t leguminous red clover—it should be mentioned that 

leguminous crops generally are, and clover in particular is, 
extremely sensitive to adverse climatal circumstances; br 

ing to grow lbeee year after year on the same , we 
only succeeded in getting any crops. and some of those pod 
ones, in si riod of twenty-two. Indeed, the 

a crop of wheat or barley was taken, and in others the land was 
left fallow. Hence, over a period of ey ee years we have 
had only six years "of clo over, one of wheat, three of barley, 
and twelve of fallow. Still, the annual yield of nitrogen over 
the twenty-two years was 30-5 without any manure, and 

Ad 8 Ibs., or nearly one third more, by mineral manure contain- 
g potas. Unfavorable as was this experiment in an agricul- 

one point of view, still it is seen that the influence of the inter- 
polation of this leguminous crop has greatly increased the yield 
of nitrogen compared with that obtained in either wheat or 
barley grown continuously; and that, unlike the result with 
those crops, a =e manure has here again, as with beans, 

hala as Bere with gramineous crops, I will simply 
mark in passing that we have no evidence leading to the 
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conclusion that this increased assimilation is at the expense of 
the nitrogen existing at any rate in the upper iayers of the soil. 

yield of nitrogen in other cases in which leguminous crops have 
been interpolated with others. 

It is, indeed, well known that the growth and removal of a 
highly nitrogenous leguminous crop is one of the best possible 
preparations ; for the growth of a gramineous corn crop, whic 
characteristically requires nitrogenous manuring. <A. striking 
illustration of this apparent anomaly i is afforded in the results 
next in order recorded in Table III. 

ter the growth of six corn crops in succession by artificial 
manures alone, barley was grown without manure in 1873 on 

baste eure 39-1 “ce and barley sha et the clover gave 
69°4 4 ibs. of nitrogen ; or 30°3 lbs. more after the removal of 

that from which the barley had been taken; and this was so, 
althouzh, in every case, all pce vegetable debris had been 
carefully picked out. Here, t n, the surface soil at any rate 
was positively enriched in ape pce re anes by soda-lime) 
by the growth and removal of a ve y highly nitrogenous crop. 

may be mentioned that Dr. Voces has obtained results of 
a similar character. 

The results next to be considered are those obtained in an 
actual four-course rotation of — namely, turnips, parley 

been co clover or es and wheat. e experiments hay 
ducted through seven such courses ; that is to say, over a seal 
of twenty-eight years. One portion of the land, the results years. 
relating to which are given in the table, has been entirely 
unmanured during the whole of that period, and the other has 
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ae ing aoa “2 lime alone, once Pc td four years 
—tha ato say, for the turnips commencing each course ; but 

Under these conditions—that is with a turnip crop and a 
leguminous crop in sorpelaaed with two gramineous crops—we 
have, without manure of any kind, an average of 36°8 Ibs. of 
nitrogen yielded per acre, per annum; or not far from twice as 
much as was obtained with either of those cereal crops, wheat 
or barley, grown consecutively. With super-phosphate of lime 
alone, which, in a striking a ‘gree increased the yield of nitro- 
gen in the turnips, reduced it in the succeeding besiege increased 
it greatly in the leguminous crops, and slightly the wheat 

And it may be observed that where, in adjoining experiments, 
no bist stisee crop was grown between the barley and the 
wheat, but the land was fallowed instead, the tota tal yield o 
—_— in the rotation was very much less: the wheat acces: 

g the fallow yielding very little more nitogen than that sue- 
deoding the leguminous crops which removed so much of 
it. In other words, the removal of A ay most highly nitrogenous 
crops of the rotation— beans or clover—has been succeeded by 
a growth of wheat, and assimilation of nitrogen by it, almost as 
great as aes en it has succeeded a year of fallow—that is to say, 
a period of accumulation from external sources, and no removal 

by ¢ pe 
One other illustration must be given of the power of 

the results in ques estion on this particular point, it will be neces: 
nrg! to om a little to call special attention to the conditions 

the experiments under which the results — obtained ; and 
it is the more desirable to do this, since the m ost important of 

r. Lawes’ contributions to this ibition is an illustration of 
the results I am about to refer to. 

Effects of manure.—I must here forestall a little _ r shall 
have to refer to more fully further on, as to the effec char- 
acteristically different —" on crops belonging : different 
botanical families. I will say neo, then, that it is found 
that nitrogenous sh — ve generally a very striking effect 
in increasing the growth of a a crops grown separately 

ble land, such as wheat, barley, or ont all of which - 
na comparatively small percentage o of nitrogen, and, as has 

Seca illustrated, assimilate a comparatively small amount of it 
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ch as 
act much more favorably than ammonia-salts. Again, while, 
under equal conditions of soil and seasons, mineral without 
nitrogenous manures increase comparatively little the poor-in- 
nitrogen gramineous crops that are grown separately, such 

contribute the largest portion of the herbage; , on g00 
grass land, if eguminose do not come second, they are at 

own special manure, and as a rule the same description year 
ter year—and the experiments have now been conducted 

over a period of twenty years. 
Under this varied treatment, changes in the flora, so to 

otanical separation, and the percent- 
age, by weight, of each species in the mixed herbage determined. 
Partial separations have also been made in other years. 

Mr. Lawes has contributed a large case of s ecimens to the 
exhibition, which shows the botanical composition of the herb- 
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of different manures, applied year after year on the same plot. 

The general results of the experiments may be briefly sum- 
marized as follows :— 

The mean produce of hay per acre per annum has ra ed, 
on the different plots, from about twenty-three ewt. wi 

ng 
thout 

manured. 
The number of species found has generally been about fifty 

on the unmanured plots, and has been reduced to an average 
y twenty, and has sometimes been less, on the most 
wv 

of that 

grown by the same mineral manures, with a large quantity of 

ammoniacal salts. 
Species belonging to various other orders have, on the aver- 

mineral manures, and only about six per cent of that by 

the mixture of the mineral manures and a large amount of 

? « . . 

indicate the interest of these curious illustrations of the dom- 

ination of one plant over another in the mixed herbage of per- 
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manent grass land. Nor do we pretend to be able to give a 
satisfactory explanation of the variations induced, founded on “i : : 

ground character or habit of growth of the individual species. 
The whole of the results—agricultural, chemical, and botanical— 

(To be continued.) 

Art. IIl.— Observations on a property of the Retina, first noticed 
by Tait; by Oapren N. Roop, Professor of Physics in 
Columbia College. 

: 3, which seem 
point out that after a nervous shock, sudden or prolonged, the 
green nerves (adopting the theory of Young,) recover their 
activity later than the red, and probably later than the violet 
nerves. The first observation was made twenty years ago while 

or 

Upon regaining consciousness, and raising my eyes to the face 
of the operator, I was a little surprised at not having previously 
remarked his unusually ruddy complexion, but the next instant 
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ART. XL-On some Points in connection with Vegetation: by 
Dr. J. n. GILBERT. 

[Continued from page 32.] 

Amount of nitrogen a8sz'milated by plant.s.-Let us now recur 
to the question of the various amounts of nitrogen assimilated 
over a given area by plants of different natural ordel's, and call 
attention to the facts bearing upou the point which these 
expel'iment.s on the mixed herbage of grass land have supplied. 

TABLE IV.-Yield of Nilffogen in the Mixed Hel'bage of Permanent Grass land at 

Plots. 
Conditions 

of 
Manuring, 

Eothamsted. 

Gramj· Legnmi- Other 
nelE. noalE. Orders. 

Average nItrogen per 
Acre per annum. 

10 10 20 
years years years 
1856- 1856- 1856-
1865 1875 1875 

------.---~ ~ -i~ ----n;s:-~ JiiB.' 
3 Unmanured 1635 219 529 35'1 30'9 33'0 
4-1 Superphosphate* 1671 149 673 35'7 31'5 33'6 
8 Complex Min. Manure.t 2442 296 639 54'4 38'1 46'3 

__ 7 __ .9_o~p~~ Min. Manure.+'---''---25_7_9 __ 8_0_6-'--_5_7_3_'-'_5_5·_2.....:..._1i6_·_0-'--5_5_·6_ 

In Tahle IV. is shown the average produce (in the condition 
of hay) in Ibs., per acre, per annum, over twenty yearR, of herb
age of the gramineous family, of herbage 0(' the leguminous 
family, aud 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 yeal's, in each case. 

The quantities of nitrogen yielded are calculated from the 
results of actual determinations of the nitl'Ogen in the mixed· 
produce of the respective plots; but the esti~ates of the quan
tity of the produce referable to the diffel'ent Natural Orders 
must be taken as onl.Y giving a geneml indication Ol' an 
approximation to the truth; fOI', while the amount of the 
total mixed produce is the average of that of the twenty years, 

* Mean of four separations only, namely, 1862, 186'7, ]872 and 1875. 
t Including potass six years, 185G-1861 j 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 vel'y considerable, 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 w hole period impo,;sible. 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 remal'ked, in passing, how much greater is the 
increase of gramineous produce by the use of pUl'ely 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 manuies 
in enabling the gmsses 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 Leguminosre 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 n~trogen 
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 
contl-ibuted by gramineous species is rather more, that yielded 
by leguminous species is less, and that by species belonging to 
othel' 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 55'4 Ibs. of nitrogen per acre, 
per annum, over the first ten years, of only 38'1 Ibs. over the 
second ten years, and of 46'3 Ibs. 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 one-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 55'2 lbs. of nitrogen over tbe first 
ten years; of even slightly more, or fifty-six lbs., over the 
second ten years: and of 55'6 lbs. over the whole period of 
twenty years-that is, considerably more than twice as much 
as would be yielded by a grarnineous 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 mnch 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 
gramineol1s 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 
Graminere. 

Assuming for the sake of argument that the yield of nitrogen 
by the Graminere grown separately may be explained, as already 
suggested, by reference to the amount of combined nitrogen 
acquired ii'om the measured aqueous depo~its 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 b"ear
ing upon this point. 

Is the combined nitrogen in the atmosphere the source of the assim
ilated nit1'ogen 7-It so happens that the plants which do gather, 
or which have been supposed to gather nitrogen more readily 
than the Graminere, have obviously a different character of 
foliage; as, for instance, the "root crops"-tul'llips and the 
like; and the leguminous crops-beans, pens, clover, etc. An 
obviom; 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 gl'amineous plants. It is true that 
Adolph Mayer in Germany, and SchlOsing 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 experimentel's 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. SchlOsing's statement 
of the results of his recent determinations of the ammonia in 
the air of Paris (Compt. Rend., lxxxi, 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 contaiu 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 limes (or more) less ·than that in legu
minous produce. It is true that water would absorb very 
much more nitl'Ogen as ammonia, or dissolve very much more 
as carbonate 01' biocarbonate 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 absOl'bability of the 
compounds in which nitrogen exists, than of the carbonic acid 
in which the carbon is presented, FUI'ther, it can hardly be to 
merely a gl'eater extent of leaf or above.ground surface that the 
result could be attl·ibuted. Thus, though a bean and a wheat 
crop may yield about equal amounts of dry matter per acre, 
the bean pmduce would contain from two to three times more 
nitrogen, and approximate measurements show that a wheat 
plant offers a greater extel'llal superfices in relation to a given 
weight of dl'y 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 mOl'e nitrogen from 
the atmosphere than the wheat, the result must be due to 
character and function, rather than to mel'e 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 anci succulent surface, over 
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It 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 t,hat 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 atmospbere in the 
form of ammonia. And here it may be said in pasHing tbat 
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 justify the con
clusion that, at any rate, the" broad-leaved" j'oot-crops, turnips 
and the like, to which the function bas with tbe most confidence 
been attributed, do not take up any important proportion of 
their nitrogen b'y their leaves from combined nitrogen in tbe 
atmospbere. 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 Cl'OP; 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, bowever, 
admittedly not so conclusive in regard especially to plants of 
the leguminous family. . 

b the free nitrogen of the atmosplw'e the source of the assimilated 
nitrogen ?-But 3S 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 tbat 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 experimenta.l investigation bas 
been undertaken on the point with the most conflicting results. 
It is now nearly forty years since Boussingault sbowed tbat 
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 be bas 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 mtrogen of 
vegetation. And almost for as long a period as Boussingault, 
Mr. Lawes and myself have devoted much thought and inves
tigation to the same end. 
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On this point, of whether or not plants assimilate the free 
nitrogen of the atmosphere, leavi,ng 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 briefl'y dil'ect 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 gl'eat variety of plants were 
experimented upon. M. G. Ville's results are summarized in 
Table V, below. 
TABLE V.-Swmmary of the Results of M. G. VILLE'S Jib;periments, to determine 

whether Plants as8imilate/ree Niflrogen. 

Nitrogen-Grams. 

I I 
Nitrogen 

In Seed, In 
PLANTS. and Air; In Gain Products 

and 

I 
or to 1 

Manure. Products. 

I Loss. Supplied. 
If any. 

1849: Current of unwashed air 8'/J(/Jplying 0'001 gram8 Nitrogen as Ammonia. * 

Cress ______________ 
0'0260 0-1470 0'1210 5'6 

Large Lupins ________ 0'0640 0'0640 0'0000 1'0 
Small Lupins. _______ 0'0640 0'0470 -0'0170 0'7 

--- -- -- -
0']550 0'2580 0'1030 1'7 

]850: Current of unwashed air 8'/J(/Jptying 0'0017 grams Nitrogen as Ammonia.* 

Colza (plants) ________ 
VVheat ___ . _________ 
Rye ______________ 

-Maize ______________ 

1 
Sunflower ---- ----- ---I Tobacco ___________ _ 
Tobacco _____ • _____ _ 

0'0260 1-0700 
0'0160 0'0310 
0'0130 0'0370 
0'0290 0'1380 
-- --
0'0857 1'2660 

185]: Owrrent of washed air.*· 

0'0050 
0'0040 
0'0040 

0'1570 
0'1750 
0']620 

1'0440 
0'0150 
0-0240 
0'0990 
---
1'1803 

0'1520 
0-1710 
0'1580 

41'1 
1'9 
2'8 
4'4 
-
]4'8 

* Recherches Experimentales sur la Vegetation, par M. Georges Ville. Paris, 
1853. 
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PLANTS. 

Autumn Colza __ . ---
Spring Wheat _______ 
Sunflower ___________ 
Summer Colza _______ 
Summer Colza ____ . __ 

TABLE V.-Oontinued. 

In Seed, 
and Air; 

and 
Mannre, 

If any. 

Nltrogen-Grams. 

In 
Product •• 

1852: Owrrent of washed air.* 

0'0480 0'2260 
0'0290 0'0650 
0'0160 0'4080 
0'1 ~30 0'5950 
0'1050 0'~010 

Gain 
or 

Loss. 

0'1780 
0'0360 
0'3920 
0'4220 
0'5960 

Nitrogen 
In 

Product. 
to 1 

Supplied. 

4"'1 
2'2 

25'5 
3'4 
6'~ 

1854: Ourrent of washed ail' (under superintendence of a Oommission). 

Cress ______________ _ 

0'0099 
0'0038 
0'00;;9 

0'009~ 
0'0530 
o·ono Icress---------------I cress _______________ 1 

~ ________ L_ ____ ___ 

-0'0002 
0'0492 
0'0071 

1'0 
13'9 

2'8 

1854: Ourrent of washed air (closed, under superintendence of a Oommission).t 

Icress----- _________ 1 0'0063 0'0350 0'(J28~ 5'6 

1855 and 1856: Infree air, with 0'5 grams Nitre =0'069 Nitrogen.t 

IColza---------------1 O·O~OO 0'0700§ I 0'0000 1'0 
Colza_______________ O·O~OO 0:066011 -0:0040 0'9 
Colza _______________ 1 0'0700 00680§ -00020 1'0 

1855 and 1856: Infree air, with 1 gram Nitre =0'138 Nitrogen.t 
Colza _______________ 0'1400 

"191'1 
0'05~0 

I COlza _______________ 
0'1400 0'3~40 0'234.0 Colza. _______________ 0'1400 0'2160 0'0760 Colza _______________ 
0'1400 0'2500 o'noo 

1856: Infree air, with 0'~92 grams Nitre =0'110 Nitrogen.* 

IWheat--------------1 0'1260 0'2180§ I 0'0920 
Wheat______________ 0'1260 0'2240§ 0'0980 

1855: In free air, with 1'12 gl'ams Nitre =0'238 Nitrogen.* 

IWheaL--- ---- ------1 0'2590 0'3080§ 1 0'04.90 

1856: Infree air, with 1''765 grams Nitre =0'244 Nitrogen.* 

J
Wheat.--------·----1 0'2650 0'2170§ I -0'0480 
Wheat______________ 0'2650 0'3500§ +0'0850 

1'41 
1'67 
1'54 
1'79 

0'8 
1'3 

* Recherches Experimentales sur la Vegetation, par M. Georges Ville. Paris, 
1853. 

t Compt. rend., 1855. 
§ In planta only. 

t Recherches Experimentales sur la Vegetation, 185~. 

All. JOUR. SCT.-THIRD SERIES, VOL. XIII, No. 74..-FEB., 1877. 
8 
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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 hatl 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, ill 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 7" He refers to the supposition of 
M. De Luca, 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 containalka
lies, and penetrate tissues, the porosity of which exceeds that 
of spongy platinum 7" 

'1'he 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 Vr.-Summary of the Results of M. BOUSSINGAULT'S Experiments, to deter
mine whether Plants assimilate free Nitrogen. 

Nitrogen-Grams. 

In Seed, 

I 

Nitrogen 

PLANTS. 
1D 

or Plants; Gain Products 
and I In or to 1 

Manure, Products. LOSB. Supplied. 
if any. 

1837: Burnt soil, distilled water, free air, in closed summer-lwuse.* 

Trefoil ______________________ _ 
Trefoil ______________________ _ 
Wheat _______________ . ______ _ 
Wheat . _______________ . _____ _ 

0'1100 
0'1140 
0'0430 
0'0570 

0'1200 
0'1560 
0'0400 
0'0600 

1838: Conditions as in 1837.+ 

Ipeas-------. -·---------------1 0'0460 1 0'1010 Trefoil (Plants) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0'0330 0'0560 
Oats (Plants)__________________ 0'0590 0'0530 

+00100 I +0'0420 
-0'0030 
+0'0030 

1 

+ 0'0550 , 
+0'0230 
-0'0060 

1'09 
1'37 
0'93 
1'05 

1851 and '52: Washed and ignited pumice with ashes, distilled water, limited air, 
under glass shade, with Carbonic Acid.t 

Haricot, 1851 ---.------------- 0'0349 0'0340 -0'0009 0'97 
Oats, 1851. _____________ . _____ 0'0078 0'0067 -O'OOll 0'86 
Haricot, 1852 _________________ 0'0210 0'0189 -0'0021 0'90 
Haricot, 1852 _________________ 0'0245 0'0226 -0'0019 0'92 
Oats, 1852 ______ --------- .... _- 0'0031 0'0030 -0'0001 0'97 

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

White Lupin __________________ 0'04RO 0'0483 +0'0003 1'01 
White Lupin __________________ 0'1282 0'1246 -0'0036 0'97 
White Lupin __________________ 0'0349 0'0339 -0'0010 0'97 
White 

Lupin __________________ 
0'0200 0'0204 +0'0004 1'02 

White Lupin _____________ . ____ 0'0399 0'0397 -0'0002 1'00 
Dwarf Haricot ________________ 0'0354 0'0360 +0'0006 1'02 
Dwarf Haricot ________________ 0'0298 0'0277 -0'0021 0'93 
Garden Cress ________________ . 0'0013 0'0013 0'0000 1'00 White Lupin __________________ 0'1827 0'1697 -0'0130 0'93 

1854: Prepared pumice with ashes, distilled water, cur1'ent of washed air, and 
Carbonic Acid, in glazed case.§ 

Lupin _____________________ . __ 
Dwarf Haricot _______________ _ 
Dwarf Haricot ____________ . __ _ 
Dwarf Haricot ___________ . ___ _ 
Dwarf Haricot __________ • ____ _ 
Lupin _____________ . _________ _ 
Lupin __________ . ____________ _ 
Cress _______________________ _ 

* Ann. Ch. Phys., II, lxvii, (1838). 
t Ann. Ch. Phys., III, xli, (18M). 

0'0196 
0'0322 
0'0335 
0'0339 
0'0676 
0'0180 
0'0175 
0'0046 

0'0187 
0'0325 
0'0341 
0'0329 
0'0666 

} 0'0334 

0'0052 

-0'0009 
+0'0003 
+0'0006 
-0'0010 
-0'0010 

-0'0021 

+0'0006 

0.95 
1'01 
1'02 
0'97 
0'99 

0.94 

1'13 

t Ibid., lxix. 
§ Ann. Ch. Phys., III, xliii, (1856). 
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TABLE VI.-C'ontinued. 

Nitrogen-Gram •. 
Nitrogen 

PLANTS. In Seed, I I In 
or ~~BdtB; In Gain Product. 

or to 1 
Manure, Products. LOBB. Supplied. 
If any. 

1851, '52, '53, and '54; l'repared soil, or pumice with ashes; distilled water,jree air, 
under glazed case. * 

Haricot (dwarf), 1851 __________ 0'0349 0'0380 +0'0031 
Haricot, 18G2 _ •••• __ ._ ••• __ •• _ 0'0213 0'0238 +0'0025 
Haricot, 1853 ________________ . 0'0293 0'0270 -0'0023 
Haricot (dwarf), 1854 __________ O'OillS 0'0350 +0'0032 
Lupin (white), 1853 _ .. ________ • 0'0214 0'0256 +0'0042 
Lupin, 1854 ___________________ 0'(1199 0'0229 +0'0039 
Lupin, 1854 __ .... _____________ 0'0376 0'Oil87 +0'0020 
Oats, 1852 ____________________ O'OOin 0'0041 +0'0010 
Wheat, 1853 ____ .... __________ 0'0064 0'0075 +0'001l 
Garden Cress, 1854 ____________ 0'0259 0'0272 +0'0013 

1858; Nitrate of Potassium as Manure.t 

I . j I 0'0144+ I 0'0130 I -0'0014 1 
HehanthuB ----------- •• --- I 0'0255+ 0'0245 -0'0010 

1'09 
1'12 
0'92 
1'10 
1'20 
1'15 
1'05 
1"32 
1'17 
1'05 

0'90 
0'96 

M. Boussingau1t's soils consisted of burnt soil, washed and 
ignited pumice, or burnt brick; his experiments were some· 
times in ti'ee ail', sometimes in a elosed 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 snpplied as manure. 

The last two columlJs of Table VI sbow 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 
inyestigation 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 tbis subject were commenced in 
1857, and the latc Dl·. Pugh, of the Penm;ylvania 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., Ser. III, xliii, (1855). 
+ Nitrogren in seed and nitrate. 

+ Compt. rend., xlvii, (1858). 
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are fully described in the papers already referred to, published 
in the Philosophical T,'ansactions for 1859, and in the Journal 
of the Chemical Society in 1863. They may be briefly de
scribed 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 
plants, 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, paRsed 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 wbich 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 glllss 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 dangel' of 
leakage of unwashed air fl'om without inward is lessened. In 
1857, twelve sets of such appamtus were employed; in 1858 a 
larger number, some with larger lute-vessels, and shades; in 
1869 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 gl'Own were also exhibited, and 
the published results are summarized in Table VII. 
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TABLE VII.-Summary of the Rl38ults of Experiments made at Rothamsted, to deter· 
mine whether Plants assimilate Free Nitrogen. 

Nitrogen-Grams. 

and Plants, Gain In Seed, I In I 
Ma.nure. Pot and or Loss. 
lfany. SolI. 

Nitrogen 
In 

Products 
to 1 

Supplied. 

With NO combined Nitrogen supplied beyond that in the seed sown. 

J rh
"' ... 

0'0080 0'0012 -0'0008 0'90 
1857. Barley. __ 0'0056 0'0072 +0'0016 1'11 

Barley ___ 0'0056 0'0082 + 0'0026 1'46 

. WheaL __ 0'0078 0'0081 +0'0003 1'04 
Grammere. - - 1858. { Barley ___ 0'0057 0'0058 + 0'0001 1'02 I Barley --- 0'0063 0'0056 -0'0007 0'89 

l1858. { WheaL -- 0'0078 0'0078 0'0000. i·oo 
A* Oats _____ 0'0064 0'0063 -0'0001 0'98 

J1857. Beans --- 0'0796 0'0791 -0'0005 0'99 

Leguminosre. 0'0750 0'0757 +0'0007 1'01 
l1858. { Beans - --Peas ____ 0'0188 0'0167 -0'0021 0'89 

Other Plants. {BuCk } 1858. Wheat - 0'0200 0'0182 -0'0018 I 0'91 

WITH combined Nitrogen supplied beyond that in the seed sown. 

r r'~·· 
1)'0329 0'0383 +0'0054 1'16 

1857. WheaL __ 0'0329 0'0331 +0'0002 1'01 
Barley ___ 0'0326 0'0328 +0'0002 1'01 
Barley ___ 0'0268 0'0337 +0'0069 1'25 

G' i {WheaL_ 
0'0548 0'0536 -0'0012 0'98 

rammere. - - 1858. Barley ___ 0'0496 0'0464 -0'0032 0'94 
Oats_. __ 0'0312 0'0216 -0'0096 0'69 

I { Wheat ___ 0'0268 0'0274 +0'0006 1'02 
1818. Barley ___ 0'0257 0'0242 -0'0015 0'94 

L A* Oats ---- 0'0260 0'0198 -0'0062 0'76 

{ )8"_ { P~ ••. 
0'0227 0'0211 -0'0016 0'93 

Clover __ 0'0712 0'0665 -0'0047 0'93 
Leguminosre. 

1858. Beans ___ 0'0711 0'0655 -0'0056 0'92 
A* 

Other Plants. {BuCk } 1858. Wheat - 0'0308 0'0292 -0'0016 0'95 

The upper part of the table shows the results obtained in 
1857 and 1858 in the experiments in which 10 combined 
nitrogen was supplied beyond that contained ill 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 Gramine::e, the Leguminos::e, 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 108s. There was in fact nothing in these 
results to lead to the conclusion that either the Graminere, the 
Leguminosre, 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 highet; than the gains. Further, the gains, such as 
they are, are all in the experiments with the Gmminere, while 
there is in each case a loss with the Leguminosre, and with the 
buckwheat. On this point it should be stated that the growth 
was far more healthy with the Gmminere than with the Legu
minosre, which are even in the open fields very susceptible to 
the vicissitudes of heat and moisture, and were found to be 
extremely so when ell closed under glass shades. It might be 
objected, therefore, that the negative result, with the Legumi
Dosre are not so concl usi ve as those with the Graminere. 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 Graminere or the Leguminosre can take up and assimilate 
the free nitrogen of the atmosphetOe. 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 ftOee nitrogen of 
the atmosphere. 

Independently of the action suggested as possible by M. G. 
Ville, that is between free nitmgen 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 
oxygen, 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 Ot· do not, it is at 
any rate certain that in our own experiments we bave not been 
able to persuade plants to avail themselves of this bappy 
faculty of producing their own nitrogenous food. With regard 
to the action supposed possibly to take flace externally to the 
plant itself, if it were in any matet'ia degree operative, we 
should expect some, at least, of the resulting combined nitro
gen to be collected in tbe aqueous deposits from tbe atmos
phetOe; but we have seen how inadequate is the amount of 
combined nitl'Ogen in those deposits to account for tbe yield of 
nitrogen, even of tbe Graminere, and still less can it satisfac
torily explain the yield in the Leguminosre and otber plants. 

[To be continued.] 
































