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FROM THE

JOURNAL OF TH\E HORTICULTURAL SOCIETY OF LONDON.
VOL. V., PART 1. (1850),

AMOUNT OF

WATER GIVEN OFF BY PLANTS

DURING THEIR GROWTH,

OF the several natural orders of plants which yield food to man,
or to the animals destined for his consumption, or other use, per-
haps the most important, both as to the extent of their distribu-
tion and the amount of the products they supply, are the Gra-~
minacee and the Leguminosce. There are others, however, to
which we are indebted for the roots and tubers, the extended

“cultivation of which, in alternation with grain, so prominently

characterises at least the national agriculture of the present day.
The corn-plants of most extended utility in the Leguminous
family are the Bean and the Pea ; but we owe to it also some
of the most important of our fodder-plants, such as Clover, T're-
foil, Vetches, and others. The Graminaceous family, on the
other hand, supplies us with Wheat, Barley, Iye, Oats, Rice,
Muaize, the Sugar Cane, and others, besides the natural grasses
of our meadows and pastures.

Between these two great natural orders of plants there ave,
however, many striking and obvious points of contrast as to
habits, structure, and products, whilst the vastly different posi-
tions allotted by experience to the individuals which they respec-
tively comprise in a system of alternate cropping, are such as
clearly to indicate that the resources of their growth are also
widely different ; and it has been maintained that an explanation
of them is mainly to be found in the varying mineral composition
of the crops. The scattered observations, however, of many ex-
perimenters, and some of not very recent date, would seem to
favour an opposite view of the question, and the vastly accumu-
lating published results of the last few years lend an ample con-
firmation in the same direction.

For our own parb, an extensive and systematic series of experi-
ments, conducted both in the field and in the laboratory, leaves
not a doubt in our mind that, in the ordinary practice of agricul-
ture in Great Britain, the exhuustion which is suffered is promi-

nently connected with a deficiency of «“ organic” or primarily
B2
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atmospheric, rather than the ¢mineral” or, more properly,
soil-constituents ; and especially that the supply of NITROGEN,
relatively to other constituents, is defective. We have already,
in the ¢Journal of the Royal Agricultural Society,” indicated
some striking facts bearing upon this point, in the discussion of
the results of some of our experiments upon the growth and
composition of Wheat and of Turnips. Beans, Peas, and Clover,
as the types of the agricultural plants of the Leguminous family,
have also been the subjects of experiment for several years past,
and we hope before long to complete the results for publication.

Besides the experiments of a more purely agricultural scale
and character, however, it was thonght that the explanation of
the alternation of crops would materially be aided by any addi-
tional information as to the characteristicqualitative and quantita-
tive functional actions of some of the plants which ordinarily find
a place in rotation. With this view, it was sought to ascertain,
as in some degree a measure of the activity of the processes of the
plants, the amount of water passed throngh those belonging to
different natural orders, and holding different positions in rota-
tion, both as compared one with another, and in reference to the
quantitative fixation in the plants of several of their more im-
portant constituents, having regard also, as far as was practicable,
to the source of these consgtituents— that is to say, as to whether
they were derived from the soil or from the atmosphere.

The experiments, as thus far proceeded with, however, can be
considered as Jittle more than initiative, especially so far as the
demonstration of those important agricultural problems, for the

‘elucidation of which they have mainly been designed, is con-

corned: were it otherwise, indeed, the pages of this Journal
would not be deemed the fittest medium for the publication of
results of more purely agricultural interest. The facts already
obtained, however, are not without interest to the botanist and
the vegetable physiologist ; and it is as a contribution to the
scanty information already at command, on the subject: of the
amount of water given off during the growth of plants, that these
results are arranged and presented to the reader. It will never-
theless be seen that they provide some important and interesting
indications in reference to the more special object of our investi-
gation, and at the same time afford some useful suggestions for
its future conduct.

In deciding upon the method of procedure, the choice seemed
to be between such experiments as would yield somewhat rapid,
and in some points, perhaps, more direct information, though at
the cost of the health and perhaps matured growth of the plant,
on the one hand, and a closer imitation of the usual circumstances
of growth on the other—by which, however, inferences rather
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than demonstration might be elicited. The latter course was
chosen, more especially as there are well-conducted experiments
of the former kind on record, which it was thought might serve
to check or confirm some conclusions which our own results,
taken alone, might be held not fully to justify.

Tt was considered important to provide such conditions for the
plants as should enable them to live and mature their seed, if
such were the product for which they were usually cultivated—
an end not very easily accomplished in the case of plants growing
through a period of several months, and requiring an accurate
registry of the water passing through them. This was not, in-
deed, in every case satisfactorily attained, as will be explained
further on. But if, from this cause, any otherwise general indi-
cations should seem to be opposed by figures, at first sight dis-
crepant, a little further consideration may perhaps show that, if
these are coincident with irregularities of growth and maturation,
they may be taken rather as confirmations than as contradictions
of any conclusions to which the results of the more naturally
developed plants might lead us. We shall, however, submit to
the reader a sufficient description both of the methods of experi-
menting, and of the results, as they were actually obtained,
whether numerically or by observation merely—leaving him,
therefore, in a position to judge of the value of any suggestions
we may offer, whilst the experience thus far attained will, it ig
expected, enable us to avoid in future some of the irregularities
complained of, and the results then supplied will serve amply to
confirm or correct any inferences at present hazarded.

The plants selected for experiment were Wheat and Barley,
of the natural order Graminacese ; with Beans and Peas as Corn-
plants, and Clover as a Fodder-plant, from the Leguminosse—
these several plants, moreover, occupying somewhat, important
and characteristic positions in a course of rotation. A Root-
erop would also have been taken, but for the great and manifest
difficulties of arranging the experiment. These we hope to
overcome, however, in the coming season. -

The main desiderata in the arrangement of the experiments
were—

To provide the plants with soils of some known history and
composition or resources, and in quantities sufficient to
allow of a natural development of the roots.

To prevent any serious amount of evaporation from the soil
other than through the plants themselves.

To have the means of supplying weighed quantities of water
to the soils as it was needed.

To determine by the balance the amount of water given off
by the plant within any desired period of observation.
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To determine the total amount of water passed through the
plant during the entire period of its growth ; and in rela-
tion to this, the amounts of dry produce, and several of
its constituents, fixed in the plant.

To determine the source of these fixed constituents, whether
goil, manure, or atmosphere.

We are preparved for the objections which may be raised
against the means adopted for attaining the end and indications
desired, and against the competency of the results, when obtained,
to afford demonstration on some important points of the inquiry.
Yot it is not unadvisedly that some of them, at least, have been
risked, and especially in reference to the question of the exact
composition and resources of the soils employed, do we nob
scruple to declare, thongh in opposition to the known opinions of
several esteemed chemical friends, that we are more disposed, for
the present ab least, to rely upon the comparative indications
which a natural and unanalysed but exhausted soil may yield
alone, and in admixbure with manures of lknown composition,
than upon one of an artificial kind, such as pure sand, for ex-
ample—or upon the results of analysis at the commenoement of
the experiments. Indeed, in proof of the dangers and uncer-
tainty to which we ave exposed in judging of the exach capabili-
ties of a soil by its analysis, and especially of an exhausted one,
wherein all the more important constituents are so small in quan-
tity, we need only call atten tion to the very elaborate examination
of this subject in the hands of Professor Magnus, as detailed in
his account, ¢ Uber Versuche betrefiend die Erschépfung des
Bedens.

The knowledge we obtain by synthesis in the method adopted
and described further on, with the comparisons which will in
time be provided is, we believe, our safer guide. Specimens of
the soil, as originally taken for the experiments, are, however,
preserved for analysis at some future time, when the whole sub-
ject of the composition and properties of soils can be entered
into—and when, also, by the continuous growth of the different
plants as proposed, the balanes of the constitnents in the cases
of the several experiments will be so far affected as to yield
sufficiently wide variations, and therefore trustworthy points of
comparison.

As alveady stated, the plants selected for experiment were—
Whoat, Barley, Beans, Peas, and Clover. Seeds of the first
four of these were sown in a box of mould, where they were
allowed to reach the height of about 8 inches before being
transferred to the experimental pots; bub the Clover plant was
brought direct from the field. One or move of each description
of plant was grown in each of ‘three diffsrent conditions of soil,
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and each set of the five plants with the same description of so1l
constituted a Series. An inspection of the following plan will
aid a conception of the arrangement of the experiments as to
condition of soil and description of plant :—

Wheat,

Soil—from a plot of land from which ten Barley,
suceessive grain-crops had been taken ) Beaus,

Bories 1. without manure (the larger stones being Peas,
gilted out and the weeds picked) . .. Clover,
{ No plant.
Yoil—as in Series 1, with mineral manure, ]\;Vhf’ at,
Series 2 containing Sulphate of Potash, Sulphate B':;:g”
of Magnesin, Chloride of Sodium, and ) peas
Superphosphate of Lime voo wee v e C‘fgfér
Wheat,
Soil—as in Sevies 1, with the mineral | Barley,
Series 3 ... J\’ manure of Series 2, and the Muriate of < Beans,
| Ammonia added e eer eee | Peas,
Clover.

Glass jars, 14 inches in depth and 9 inches in diameter, and
which were capable of holding about 42 lbs. of soil, were the
vessels employed. Six of these were filled with the soil as de-
seribed for Series 1; five with that of Series 2; and five with
that of Series 8: there being in all, therefore, sixteen separate
experimental jars. Into thesa, excepting the sixth jar of Series
1, the plants raised, as described above, were transferred ; those
from three seeds each of the Wheat and of the Barley being taken,
and one plant only of the Beans, Peas, and Clover. A glass
plate having a hole in the centre about three-quarters of an inch
in diameter for the plants to grow through, and another nearer
the side, by which to supply water as it was needed, and which
was ab other times closed by a cork, was then firmly cemented
upon the top of each of the sixteen jars. The sixth jar of Series
1, however, though provided with soil and closed with a lid as
the rest, was left without a plant, as indicated in the tabulated
plan above, in order to determine the amount of evaporation from
the centre orifice. Bach jar was placed upon a varnished board,
for the convenience of attachment to the arm of the balance, and,
as thus fitted and mounted, weighed little short of half a hun-
dredweight. The jars on their stands constituting a Series were
placed upon a truck, by means of which they were sometimes
drawn into a green-house for the night, and under the halance
when it was desived to weigh them, and on to a grass-plot during
the day for free exposure to sun and air ; a canvas awning being
provided, however, to protect them in case of rain. These
arrangements will be clearly understood on inspection of the
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annexed drawing, in which is represented a Series of the jars

with their plants, fixed upon their scale boards, and placed upon
their truck.

The balance eraployed for weighing the plants was constructed
for the purposes of these experiments by Mr. Oertling of London,
and is calenlated to turn with the third of a grain when loaded
with from half a hundredweight toa hundredweight in each pan.
A drawing of them is also given with a jar and plant as in pro-
cess of being weighed. The knife-edge of the balance was
relieved in the usual way by a support to the beam when not in
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actual use; this being removed or applied at pleasure by means
of a lever, the arrangement for which 18 not, however, indicated
in the drawing. The whole was, moreover, covered by a frame
of glass, provided with a door by which to gain access to the
weight-pan, and another for the attachment of the loose arm by
which the jar and plant are suspended.. A standard counterpoise,
consisting of two leaden weights, was kept in the weight-pan,
the deviations only above and below this amount being deter-
mined by weights—a set of which, from ten thousand grains
down to one-tenth of a grain, was provided for this purpose.
As will shortly be seen, however, the amounts of water given off
by the plants were very large ; and after a time it was not deemed
necessary in practice to determine the weight within one grain,
or frequently even two.

Between the time of planting and the full growth of the plants
more than twenty weighings of most of them were taken ; and
weighed quantities of water were supplied whenever it seemed
to be required.

The collected results of the water supplied, or given off by the
plants, are exhibited in the following tables :—

In the Table (No. L), page 10, as well as in those which follow
it, the results are arranged in two sections ; the upper one bring-
ing more prominently to view the comparisons between the dif-
ferent plants with one and the same condition of soil, and the
lower one those of the same description of plant with the vary-
ing conditions of soil.

The summary of the total water given off during the growth
of the plants, as shown in the third column of this Table, is, of
course, chiefly of interest in connection with the coincident accu-
mulation of vegetable substance, and it will therefore be repeated,
and further considered, when we come to treat of that part of the
subject. Attention may here be called, however, to the evidence
afforded by a glance at the figures of this ¢co'umn—iwhether in
the upper or the lower section—at the much greater regularity
in Series 1 without manure, and in Series 2 with mineral manure
only, than in Series 3 with both mineral and ammoniacal manures.
Indeed, from the beginning, the plants of Series 3 were unhealthy,
and, as indicated in the ‘tables, only the wheat and the barley
survived to the end of the experiment, and these even gave a
produce far inferior to the same description of plants under the
other conditions, though the ammonia provided by the manure
amounted in this case to only about 01 per cent. upon the weight
of the soil.

Tt is seen that, in the cases of the healthy plants, there has
been an average of about 100,000 grains of water given off’ by
them during their growth, an amount far greater than was anti-

cipated
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Tanre I.—SHO\\’I?TG the Torar, Axouxts of WATER supplied, devived from
the So1r, and given off, during the entire period of the growth of the
- Praxts,  Quantities given in grains.

Entire Period of 172 days, from March 19 to Sept. 7.

Total Water

Total Water g Total Wat.
supplied. f'i}())ﬁlgg(ill, é)i\?en oiiti.er
Wheat 79,800 33,727 113,527
J Larley 88,800 81,225 120,025
Unmanured ... Beans 87,800 24,431 112,231
l Peas .. .. ..| 8Ls00 | 27.982 | 109,082
Clover (cut June 28th) | 28,500 26,693 55,093
Wheat 85,800 12,206 98,006
With Mineral I Barley 9?.800 30.554 *]28,354
Manure 9 Beans 95,800 22,069 117,869
l Peas v .| o000 | 10405 96,405
. Clover (cut June 28th) 36,500 17,223 53,723
] Wheat 57,700 55,996
With Mineral I Barley . 74,300 10,824 85,124
and Ammonia- Beans (died)
cal Manure ... Peas (died) ... ... ) B
Clover (cut July 4th) 24,300 13,671
Unmanured 79,800 33,727 113,527
Wheat Mineral Manure 85,800 12,206 98,006
Min. and Am. Man.... 57,700 55,996
| Unmanured 88,800 31,225 120,025
Barley Mineral Manure . 97,300 30,551 #128,354
Min. and Am. Man..., 74,300 10,824 85,124
Unmanured 87,800 24,431 112,231
Beans Mineral Manure . 95,800 22,069 117,869
Min. and Am. Man..,. (died)
Unmanured 81,800 27,282 109,082
Peas Mineral Manure oF 86,000 10,405 96,405
Min. and Am. Man... (died)
Unmanured 28,500 26,593 55.093
Clover . Mineral Manure 1 36,200 17,223 53,723
Min. and Am. Man..., 24,300 o 13,671

* The glass 1id was broken by the pressure of the plants, snd the soil therefore partly exposed.
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cipated when the arrangements for the experiments were made ;
and it will readily be understood that, with such quantities as
these, it was seldom necessary to conduct the weighings with the
nicety for which we were prepared.

The first and second columns of the Table show the sources
of the water given off, from which it is seen that an amount
varying from 10,000 to 80,000 grains has been derived from the
soil, the remainder having been supplied as the experiment pro-
ceeded. It should be remarked, however, that before the com-
mencement of the experiment, 30 fluid ounces, or between 14,000
and 15,000 grains of water, were added to each of the jars of soil,
which, by exposure to the air for some time with shelter from
the rain, and by the process of sifting, had become somewhat dry.
The figures in the table therefore overstate, by nearly the quantity
just mentioned, the amount obtained from the normal soil. Never-
theless it is believed that the wheat and the barley plants suffered
to some extent during the latter period of the experiment for want
of a freer supply of water, and that to this cause may in part be
attributed a defective development of their seeds as compared
with those of the beans and peas.

We have not prepared any detailed account of the periodical
gupply of water, which was regulated, both as to time and gquan-
tity, in part by the amount given off’ by the plants, and partly
also by their apparent or supposed requirements. It may be
stated, however, that none was added during the first few weeks of
the experiments, and that the doses given varied from 250 grains
to as much as 1, 2, 8, 4, 6, or even 12 thonsand grains as the
growth of the plants progressed.

A somewhat more detailed view of the amounts of water given -

off by the plants may be of interest, and we have accordingly
supplied, in Tables II. and I11. (pp. 12,13), statements both of
the total and the average daily loss during periods, in the main,
as nearly approaching to one month each, as the details of our
registry would permit.

The relationship of evaporation to rapidity of growth is, it is .

true, as yet a problem, but it may nevertheless be assumed as a
general fact—and especially between plant and plant of the same
description—that the comparative rate of the evaporation of water,
or its amount within any given period, to some extent indicates

the coniparative activity of the processes of the plants; yet, since,

with the advance of the season, and increased intensity of heat
and light, the surface for evaporation was also constantly in-
creasing, it is difficult to determine whether the incrensing loss up
to a certain period, as indicated in the tables, is, to any extent,
materially due to the external influence referred to, trrespectively
of a corresponding enlarged surface and rapidity of fixation of

constituents.
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TaBLE IL—SHowING the NUMBER of GRATNS of WATER given off by the PrLanTs
during stated divisional Periods of their Growth.

9 Days. ISl Days,| 27 Days. 34 Days. | 80 Days. | 14 Days. |27 Days.
Description of Plant and Munure. 1\}210”119 ‘\Irsflouzls A]i‘Jli}i)f.;S h}nqrfnzls Jgﬂ‘;“;g Jﬁgfnés AFuré’.Hil
to to to to 0 to to
Mar. 28.| Apr. 28,| May 25. June 28. | July 28. | Aug. 11.| Sept. 7.
Wheat | 129 1268 4,383 40,030 | 46,060 | 15,420 | 6,235
Barley | 129 1867 12,029 37,480 | 45,060 | 17,046 | 6,414
SERI;T; uiec? Un-iBoans | 88 | 1854 | 4816 | 30,110 | 58.950| 12,626 | 3657
(Peas 101 1332 2,873 36,715 | 62,780 5,281 ...
Clover | 400 1645 2,948 50,100
(‘Vheat 106 888 3,935 33,800 | 41,200 | 9,364| 8,713
;| Barley | 157 2030 | 11,249 38,280 | 51,830 | 14,548 10,260
Semies AL —Mi-igoans | 69 | 1528 | 4790 | 35.440 | 69,680 | 11,626 | 4,705
1Peas 111 16568 4,249 37,060 | 51,520 1,907 ...
Clover | 353 1838 5,008 46,5624
April 28 '
to |
June 28.
Wheat | 139 866 10,300 | 27,710 15,251 | 2,030
SERIES III.—Mi. | Barley | 138 853 27,270 | 37,060 | 14,606 5,207
reral and Ammo-+ Beans 80 | 1439 1,851 (died)
niacal Manure ... | Peas |(died)
Clover
No plant 109 633 362 | 1,374 | 1,066 300
9 Days. [31 Days,| 27 Days. | 34 Days. | 30 Days. | 14 Days. | 27 Days.
Unmanured . 129 | 1268 4,385 40,030 | 46,060 | 15,420 | 6,235
Wheat Mi_neral Manure | 106 888 3,985 33,800 | 41,200| 9,364 | 8,713
Min.andAm,Man.| 139 866 10,300 | 27,710 | 15,251 | 2,030
Ul_lmanured 129 | 1867 | 12,029 37.480 | 45,060 | 17,046 | 6,414
Barley M}neral Manure | 157 | 2030 | 11,249 38,280 | 51,830 | 14,548 | 10,260
Min.and Am,Man.| 138 853 27,270 | 37,050 | 14,606 | 5,207
Ur:‘lmanured 88 | 1854 4,846 30,110 | 58,950 | 12,626 3,657
Beans Mineral Manure 69 | 1528 4,790 35,440 | 59,680 | 11,626 4,706
Min.and Am Man.| 80 | 1439 1,851 | (died) e
Unmanured 101 | 1332 | 2,878 | 36,715 | 62,780 | 5,281
Cut
Aug. 11,
Peas . Mineral Manure | 111 | 1558 | 4,249 | 37,060 | 51,520 1,907
Cut
| Aug. 4.
\Min.and Am.Man,| (died)
Unmanured 400 | 1645 2,948 50,100 '_ ! F:-“
Clover { Mineral Manure | 3533 | 1838 5,008 46,624 i
MinandAm.Man, ... | .. | ..

e e—

e e R |
|
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Tapre IIL-SmowiNe the Averaen Darny Loss of WATER (in Grains) by the
PLANTS, within several stated divisional Periods of their Growth.

9 Days. |81 Days,| 27 Days. 34 Days. | 30 Days. | 14 Days. |37 Days.

ipti From | T'rom From Trom From From From
peerintionefElant and Mannre, Mar. 19| Mar, 28| April 28 May 256 | June 28 | J nlty 28 Autg. 11
to to o

to to to 0
Mar, 28, Apr. 28.] May 25. June 28. | July 28. | Aug. 11. | Sept, 7.

Wheat | 143 | 409 | 1624 | 11774 [15353 |1101:4 |230-9

Barley | 143 | 602 | 4455 | 1102:3 [15020 |1217-6 | 2375

Beans | 97 | 598 | 1795 | 8856 [19650 | 9018 [1364

1 Peas | 112 | 429 | 1064 | 10798 |20927 | 3772 | ...
Clover | 444 | 830 | 1092 | 14736 | ..

Wheat | 118 | 286 | 1457 | 9941 (13733 | 6688 |3227
. (Barley | 1747 655 | 4166 | 11259 |17277 10391 [380:0

Series IL—Mi-jp | “re | 493 | 1774 | 10423 | 19893 | 8304 1754
neral Manure"'1Peas 123 | 508 | 1570 | 30900 |17173 | 1362 | ...
Clover | 392 | 593 1865 13683 p—

SERIES I.—Un-
manured

April 28 to | May 12 to
May 12. June 28.
Wheat | 154 | 279 3731 1080 9237 110680 | 752

April 28 to | May 9 to
May 9. June 28.

Smrims TIL—Mi. |Batley | 183 | 275 | 18614 | 5154 |12350 |1043'3 [192:8

neral and Ammo- A%vr[ﬂ 23 to
1 P ay J.
niacal Manure... Beans a8 | 464 e - ld
Peas e %
Clover
No Plant ... ... ... | 121 204 13-4 404 355 214

9 Days. |31 Days.| 27 Days. 34 Days. |30 Days. | 14 Days. |27 Days.

U red .. | 143 | 409 | 162:¢ | 11774 |1535:3 | 11014 |230-9
T Mineral Manare | 118 | 28% | 1457 | 9941 |13733 | 6688 |a227
e 14 Days. | 47 Days. , , )
Min.andAm.Man. | 164 | 279 [{'§28% | 005 }| 9287 [1068:0 | 752

Unmanured ... | 143 | 602 4455 | 1102:3 | 1502:0 | 1217 6 | 2375

Barl Mineral Manure 174 | 655 416'6 | 11259 |1727°7 |1039-1 | 3800
arley B i - . -
Min, and AmMan.| 153 | 275 |{1]000 | 005} 12850 | 10433 | 192:8

{Unmannred 97 | 598 1795 8856 [19656°0 | 9018 |1364

Mineral Manure 76 | 493 1774 1042-3 19893 | 8304 1754

11 Days.

Beans
Min,and Am.Man.| 88 | 464 { 168'3} i

Unmanured ... | 112 | 429 1064 | 10798 | 20927 | 3772
Mineral Manure 12:3 | 50'3 1570 1090-0 17173 | 1362
Min. and Am. Man,| ...

Peas

Unmanured .., | 444 | 530 109-2 14735 For
Mineral Manure 392 | 593 1856 |-13683 s
Min. and Am. Man.| ...

Cloyer
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constituents. So far, of course, as the process is one of simple
evaporation, will an increase of femperature determine a greater
Joss of water ; still the question arises whether—supposing there
be no actual deficiency of the necessary and available constituents
—this increased passage of water through the plants, carrying
with it in its course many important materials of growth from
the soil, and probably also influencing the changes in the leaves
of these, as well as of those derived from the atmosphere, will
not be accompanied with an equivalently increased growth and
development of the substance of the plant. Upon this point some
light may be thrown by an examination of the circumstances
attending the development of “ Roots,” the more active growth
of which is generally coincident with a declining and not an
increasing temperature, as in the case of the seeding crops now
under trial.

Until, however, the relationship of the quantity of water given
off to the amount of dry substance or its constituents fixed, under
varied and known circumstances, be experimentally determined,
any detailed consideration of the indications of the thermometer
in connection with results of so initiative a kind would be un-
availing, though a more or less complete registry was kept of the
temperature during the period of the growth of the plants, and
this point will not be neglected in our future progress,

As might have been anticipated, it is seen by the Tables, thab
though, as the season advanced in temperature and the mass and
surface of the plants increased, the amount of water daily given
off was also greater up to a given time, yet towards the end of
the experiment it rapidly and considerably diminished. It is
probable that, from the time of this apparent decline in the rate
of passage of water throngh the plant, the processes of acquirement
of material were less active, those of the ripening and elaboration
of its contents having commenced, and that the time of most
active cireulation, as indicated by the daily rate of water evapo-
rated, was also that of the greatest accumulation. Some experi-
ments which we conducted a few seasons ago, with the view of
determining whether there was, in the formation and ripening of
the cereal grains, any diminution in the amount of nitrogen pre-
viously stored in the plant, seemed, indeed, to show, that though
there was no appreciable change in the amount of the nitrogenous
compounds upon a given area of land after the time of flowering,
yet the amount of non-nitrogenous vegetable substance accumu-
lated after this time had been very great; it is mot, however,
necessary to conelude that the rapid accumulation of carbon from
the atmosphere at this period, though coincident perhaps with an
apparently less succulent condition of the plant, was in reality
attained with any less degree of activity of the fluids within it,
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or of watery exhalation from it, than during the earlier stages of
its growth. Upon this point some information will probably be
afforded by our results as we proceed.

The daily rate of evaporation in the cases of the two more
healthy clover plants—those, namely, of Series 1 and 2—is seen
to be in the main higher, up to the time of their being cut, than
in those of the other plants; in explanation of which, it must be
remembered that the clover experimented upon, being the produce
of seed sown in the previous season, these plants were, at the
commencement, more advanced than those with which they here
stand in comparison.

The total evaporation from the jar without a plant is seen to
be 3844 grains during the entire period of the experiment. This
total loss from the hole in the glass lid is certainly considerable,
but it amounts on an average to little more than 3 per cent. of the
entire quantity given off from the jars containing the plants, and
it seems unsafe on several grounds to attempt to correct the indi-
cations of the latter by the deduction of the amount of Joss from
the no-plant jar. Thus, the loss from the centre-hole of the no-
plant jar might be supposed to exceed that from the rest, since
in these the orifice was nearly closed by the stems of the plants;
but, on the other hand, the much less active circulation of air
through the unplanted jar would tend to an opposite result, as
also wonld the fact, that in the absence of a fresh supply of water
in this case, the surface of the soil would, after a time, become
somewhat dry. That this was the case would appear from the
figures in the Table, which show that though the rate of loss from
the no-plant jar increased for a length of fime as the season
advanced, yet atterwards it to some extent diminished. It may
be remarked, however, that there was frequently in this case, as
well as in the others, a condensation of water on the under surface
of thelid. Upon the whole, then, we are inclined to decide,
that the indications of this experiment should serve rather to
prevent any too nice application of the numerical results obtained
in relation to the plants, than as providing any available means
of correcting them.

Let us now turn our attention to the amount and composition
of the produce obtained from the experimental jars. The wheat
plants in all three of the jars appearing sickly from the time of
transplanting, were cut down twelve days afterwards, viz, on
March 81st, in the hope that they would then grow up more
vigorously. These cuttings, when dried at 2127 in neither case
weighed one grain, but they were saved, and their quantities are
taken into account with the rest of the produce. Stems were
also cut from the wheat grown by the unmanured and the mineral
manured soil, as well a s {rom all of the barley jars, on May 26th ;
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the holes in the glass covers having become in these cases quite
choked up. These cuttings were much more considerable in
quantity than the former, and of course also considered as a part
of the experimental product.

The several clover plants were respectively cut when in full
flower. The pea with mineral manure was cut on August 4th,
and that in the unmanured soil on August 11th. All the other
plants, viz., wheat, barley, and the beans, were harvested on
September 7th.

The corn of the peas and beans was well developed and
tolerably ripened : that of the wheat and the barley was by no
means so much so, especially that of the wheat. This was sup-
posed partly to arise from a want of water, the plants having an
appearance of drying up rather than healthy ripening. Tt is seen,
indeed, by reference to Table 1., at page 10, that the amounts of
water derived from the soil were greater in the cases of one of
the wheat jars and two of the barley jars than in the others,
though the exhaustion, in this respect, of the beans, one of the
peas, and one of the clovers, was not much less. It had been
remarked, however, from the commencement, that the apparent
demand for supplied water was much greater in proportion to
that given off in the cases of the graminaceous plants than in the
several leguminous ones; but it seems generally to have been
found by experimenters, that the cereals were much more diffi-
cult to bring to maturity under the somewhat artificial cirenm-
stances usually provided in experiments of this kind, than any
other plants.

The irregularities of cuttings and want of uniformity in the
final maturation of the produce will be guarded against as far as
possible in our future experiments. To these indeed may pro-
bably be chiefly attributed any want of definiteness or consistency
in the results about to be considered ; and it was on account of
them deemed unnecessary to take the fresh weights of the produce
of the jars.

The plants cut level with the surface of the perforated lids,
shortly after being taken from the jars, were dried in a stove
at about 140°, and then carefully stored for future examina-
tion.

Recurring to the subject for the purpose of this paper, the
corn plants were carefully dissected—the seeds from the straw,
chaff, &e. Bach of them was then exactly halved. The one
portion of corn, and one each of straw, chaff, &e. (the latter being
mixed together), were fully dried at 212°— the weight taken and
then burnt to ash, and the other specimens, the corn separately
from the straw, chaff, &c., being reserved for the defermination
of their nitrogen. The cattings were also halved and treated in
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like manner, those taken at different periods from the same plant
having been mixed.

In Tables IV., V., and VL., are given the results of the dry-
ings and burnings of the produced plants.

Tasie IV.—QuaNTITIES (in grains, tenths, &c.) of Dry MarrER fixed in the
several parts of the PrANTs, and in the Total Produce of the Jars, &c.

I‘n Tn = ijoportion
Description of Plants and Manure. In Corn S::ladw t(ijlunt_ %’I:"o?laz‘:.} ot 1%81‘(',?0
Chaff. gs: Straw, &c.
Unmanured ... ... ... ... 1485|3028 76 [4589 4784
Wheat < Mineral Manure oo .. 11102 132109 7-6 | 4407 3374
Mineral and Ammon. Manure | 654 | 2062 03 |2719 31-67
Unmanured ... ... ... ... [1887 25374 231 | 46564 6816
Barley < Mineral Manure ... ... ... 179°0 |297-0 | 246 | 5006 5566
Mineral and Ammon. Manure |112:8 1706 | 298 | 3132 5634
= - ! e
B SUnmanured ... e e 2826 | 2549 | ... |5375 | 11086
©ANS | Mineral Manure .. .. . |299°0 | 2388 | L. 15878 125'20
T Unmanured ... oo ses e 2147 | 2063 ... 142100 | 10407
€8S 3 Mineral MANUYe  wve wo wee | 2138 [243°6 | ... 4874 | 8776
Unmanured ... .. e een (= cee 2047
Clover | Mineral Manure i . | 2848
Mineral and Ammon. Manurc 926

Tasre V.—QUANTITIES (in grains, tenths, &e.) of MINBRAL MATTER fixed in
the several parts of the Prants, and in the Total Produce of the Jars, &e.

Deseription of Plants and Manure. In Corn. §$ds(§£2vé Cut%inn g5 i,nm’ﬁ?&ael.
(Unma,nured 422 30'62 1:65 3649

Wheat { Mineral Manure ... ... .- 3-06 40-44 144 44-94
IMineral and Ammon, Manure 216 29'74 0048 | 31-948
Unmanured 62 3638 334 4592

Barley 4 Mineral Manure 68 3922 46 5062
Mineral and Ammon. Manure 472 24-06 44 33'18

B Unmanured e wss BRY 9:02 400 1z 49-02
€ans q Mineral Manure .. ... oo | 106 36'16 46-76
P Unmanured ... oo aee 676 364 4316
€as Mineral Manure 824 | 5598 64-22
Unmanured ... oo een oo o 29-24

Clover { Mineral Manure ... ... ... 3:’1'48
Mineral and Ammon. Manure a 1310

C
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TasLe VI-—PERCENTAGES of AsH in DRy MaTTER,

1
g | In Straw In In Plant
lu Corn,_ﬂ,”d Chufl,| Cuttings. (Clover).

Desgcription of Plants and Manure.

—_—

Unmanured ... .. .. s e | 2840 1011 | 2171 .
Wheat ¢ Mineral Manure te_ e e e | 275 | 12456 | 1893
Mineral and Ammon. Manure v | 330 | 1442 | 180
Unmanured ... .. .. | | | g9s | 1484 | 1246 |
barley | Mineral Manure .., ... .. we | 380 | 1820 | 1870
. Mineral and Ammon. Manure ... 418 | 141 1441
Boans J Unmanured b mee wee me we | 319 | 1569 |
7  Mineral Manure . cen wes e | 385 | 1514
Peas S Unmanured ... ... .. e wes | 315 | 17:64 .
S Mineral Manure e e cans e || 3°85 | 230
{Unmmmmd 14-28
Clover § Mineral Manure | 15-11
} Mineral and Ammon. Manure J 1415

In Table IV. the dry matier in the several parts of the speci-
mens is given, the quantities being caleulated upon the entire
produce of the jars. Excluding the clover-plants, which do not
compare fairly with the rest, and those also having the ammo-
niacal manure, which were evidently injured by it, we see at
least some general uniformity in the amount of dry matter pro-
duced ; the beans, however, which were of all the plants the
most healthy, yielding not only an amount almost identical with
the unmanured and the mineral-manured soils, but higher than
any of the rest. And if we rvefer to the last column of the
Table, we see that in their cases especially, but also notably in
those of the peas, the seed (which in both is so highly nitro-

genous) shows a muck higher proportion to the entire produce
than in the cereals,

These actual quantities of dry matters produced, though indi-

cating, perhaps, to some extent the healthy development of the
several plants under the conditions provided for them, will be
more conveniently studied in their relationship to the amount, of
water given off, when calculated to 2 uniform standard, as in the:
Table which will shortly follow.

The figures of Table V., indicating the actual amounts of
mineral matter fixed in the plants, are also of little independent
interest. Those of Table VI. show the percentage of mineral
matler in the gross dry substance in the several plants and parts:
of plants, and indicate it to be in every instance higher than is
usual ; though less 8o in the Leguminous seeds than in the
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cereals, and more in the wheat than in the barley. The propor-
tion is seen, moreover, to vary in the same description of plant
with the different conditions of soil, it being generally higher
where mineral manure was employed than with no manure,
This general excess of mineral matter may be taken‘ as being
connected, to a great extent, with the defective state of ripeni ng
of the plants, and between plant and plant of the same d(;SGl'l[?-:
tion the amount of it may indicate their relative qualities in this
respect.

TasLe VIT—TaBLE of Actual Experimental Rusurrs.

Numnber of Grains fixed in the
Number Plant, of—
of —
Grains M 2 [
Description of Plant and Manure. gf Dry Matter o
Watber R Matter
given off. | Inclusive | Organic (Ash).
of Ash. only.
... | 113,527 | 4589 42241 | 3619
}Ym}lli?; T 1200025 | 46654 | 419-62 | 4592
ed Beans .. . .. |112,231 | 53750 | 48848 | 4902
Unmanuzed & 5z By o 109,082 | 421:00 | 37784 | 4316
Clover .. oo | 55,093 | 20470 | 17546 | 2024
B e | 98,006 | 4407 39576 | 4494
%leﬁg; oo 1835t | 50060 | 44998 50762
i : - 117,369 | 537:80 | 491-04 | 4676
Mineral Manure ... < g:'z:?s g || A | i i
Clover ... ... .. | 53723 | 23480 | 19932 | 3548
X . 239952 | 31-948
Wheat ... .. .. | 55996 | 27190 : .
WTimepe] zd Amimes JBarley fe e | 85124 | 31320 | 28002 | 3318
niacal Manure ... | mouee 0 0 | 135671 | 9260 | 7950 | 1310
X ) 4589 422-41 | 36:49
Unmanured ... ... ... ... 11.?,527: . o2 308
Wheat ... 4 Mineral Manure ... ... ... 95,0?6 ?4(1)-(7)0 ;;gggo 91~l()4g
Min. and Ammon. Manure... | 55,996 | 271+ 39-952 _-J- .__
1z 25 | 46554 | 41962 | 45-92
Unmanured ... ... ... .. 1(40,.0.:.) | i b R
Barley ... -'(Miuel‘nl Manure ... ... .. ]Z‘tf.dwl ’30())3(0) ;ég(.)’g .;(%)(Iﬁ
lMin. and Ammon. Mahure... 85,124 | 313 2 | 3¢ i
] 119 31 | 63750 | 48848 | 49-02
Unmanurved ,,, oo e ors 112,2. ‘ : || 4902
Beans o {yiical Manive con e o | 117,859 | 53780 | 49101 [ 16-76
2 | 42100 | 377-84 | 4316
Unmanured ... oo con ees 109.,08_ . iy L
Teas [ Mineral Mantre v o oo 26,403 | 45740 | 0318 | 6122
Unmanured L i W 55,003 [ 204:70 175'%(; ' %‘J.‘i:
ineral Blanire . o 3723 | 23180 | 19932 | 3518
... 4 Mineral Manure ... ... ... 5ﬁ,7 e i o
Clover {Min, and Amwmon, Manure... | 13,671 92:60 79:50 | 1310
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In Table VII. (p. 19) the total amounts of water given off
during the growth of the plants, and the total amounts of dry
matter, both inclusive and exclusive of ash, and of the ash it;seii‘,
are given side by side. The relationship of the water given off
to the matter fixed in the plant is, however, more clearly indj-
cated in Tables VIII, and X,

TasLe VIIL—Sxowne the Quantities of SUBSTANCES fixed to g Standard
Amount of Warkr given off, -

Number of Grains fixed in the
Plant for 100,000 Girains of
Water givon off, of—
—— e

Description of Plant and Manure, Dry Matter,

— | Mineral
] - Matt
Ky Il oS
e e

Wheat ... ... .| 4042 | 3790 [ 32:14
(Burley v owe a. | 8878 3-19-6 3826
Unmanured ., ., Gee:q Beans gy ag wis 4789 4352 4367
Peas 3859 3464 3957
Clover ... .. .. 3715 3185 5307
Wheat ... .. .| 4407 | 4038 4585
Barley ... ... .. | 3900 35606 3944
Mineral Manure wo w.oq{Beans ., . . 4563 4166 3967
Peag e e | 47444 407-8 66'61
Clover .., .. .. 437-0 3710 6604
n Wheat ... ... 4856 4285 5705
Miﬁ;rnagr:nd Ammoniacal Barley ... ... .| 3g7-9 3289 38-98
Clover ... .. .. 6773 5815 95-82
—_— paa——— S
Unmanured,., .. 404-2 3720 32'14
Wheat ... Mineral Manure... ... v e w | 4497 103-8 4585
Mineral and Ammoniacal Manure ... 4856 4285 5705
{Unmanured'.. 3878 349-6 3826
Barley ... { Mineral Manure... ... .., 3900 3506 3944
]Mineral and Ammoniacal Manure . | 8679 3289 38-98
Beans {Unmanured... oo aoo oeo od 4789 4352 43:67
“* {Mineral Manure .. 4563 4166 39:67
Peas {Unmanured... 3859 3464 3957
MineralMa.nure... 4744 4078 66-61
Unmanured... ... ., .. v | 3718 3185 53-07
Clover ... { Mineral Manuwre... .. .. 0 " 4370 | 37100 | 6604
Mineral and Ammoniacal Manure ... 677:3 581°5 95:82
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Tasre I1X.—SHowiNg the Quantities of Warsg given off to a Standard
Amount of SuBsTANCES fixed,

Number of Grains of Water given
off for One Grain fixed in the

Plant, of—
Description of Plant and Manure, Dry Matter.
| Mineral
. j Matter
Inclusive Organic (Ash).
of Agh, only,

- = ]| e | N

Wheat .., .., .. 2474 2688 | 31112
Barley ... ... .. 2567-8 2860 | 26138
Beans SRR e s 2088 2297 | 22895

Unmanured ...

—_————

Peas.., .. .. 2691 2887 | 2527-3

Clover ... ... 269-1 314-0 | 1884-2

Wheat ... .. 222-4 2476 | 21808

Barley ... ... 2664 2852 | 25356

Mineral Manure .., ««. 1 Beans 219-2 2400 | 2520-7
Peas... .. .. e 2108 2452 | 15012

Clover ... .. .. 2288 2695 | 1514-2

. . Wheat ... .. 2059 2334 | 17527
Mﬁmlir‘;nd Atnmonincal | p Fo0 S s | 2718 | 3010 | 25655
24 o o Clover L L T 1476 | 11290 10436
=== e
Unmanured... ... 2474 2688 | 31112

Wheat ... { Mineral Manure ... ... ... ... 2224 2476 | 21808
Mineral and Ammoniacal Manure .., 2059 2334 | 17527
Unmanured... ... .. 257-8 2860 | 26138

Barley ... { Mineral Manure ... ... we e wee | 2564 | 2852 | 95356
Mineral and Ammoniacal Manure ... 271'8 304:0 | 25655

B {Unmanured... B e T 2088 22947 | 22895
418 - | Mineral Manuve .. Groe e e | 2192 | 24000 | 2520-7
P fUnmanured... ... .. .. 2591 2887 | 25273
€38 - {Mineral Manure ... e el | 2108 | 2452 | 15019
Unmanured.., ... .. 2691 314:0 | 1884-9

Clover ... { Mineral Manure ... 228-8 2695 | 1514-2
Mineral and Ammoniacal Manure .., 147-6 1720 | 10436

In Table VIIIL. there are shown the amounts of gross dry sub-
stance, of dry organic matter, and of mineral matter fixed, for
every 100,000 grains of water carried off from the soil by the
plants, and in Table IX. the amount of water given off for the
fixation of one grain of each of these is indicated.

The indications of these Tables are certainly not without the
appearance of discrepancy : yet when we remember the cireum-

c3
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stances of irregularity of growth already fully detailed, and also
the greatly varying products, of which the substance of the
plants is in several cases made up, the general uniformity of the
figures is sufficiently striking, and caleulated to lead to the ex-
pectation of much more definite results in future, and more care-
fully conducted experiments.

Referring first to Table VIII., and taking the upper section of
it, we see that the amounts of dry matter produced to 100,000
grains of water given off by the plant, range in the case of the
wheat, the barley, the pea, and the clover, in the unmanured
soil, between 871 and 404 grains; or, excluding the clover,
between the latter number and 386 grains, an approximation
sufficiently indicating some definite relationship between the
passage of water through the plant and the fixation in it of some
of its constituents. The bewn in this series seems to be an ex-
ception, the amount of dry substance produced in this case being
about 479 grains, or nearly one-fourth more than the average of
the other unmanured plants. When we remember, however, the
much larger amount of nitrogenous compounds which this pro-
duct would contain than any of the other specimens, we see
that, with this variation in the amount of vegetable growth
to a given quantity of water evaporated, there is, at least, coin-
cident variation in the composition of the product itself; and
the particular facts would lead to the suspicion, that the water
evaporated had a more definite quantitative relationship to the
fixation of the non-nitrogenous than to that of the nitrogenous
constituents of the plants.

Looking at the results of the second Series (with mineral ma-
nure), we see a generally higher amount of dry substance pro-
duced for a given circulation of water than in Series 1; and
also, the barley excepted, a much greater uniformity than in the
former Series. The cause of this discrepancy in the barley may
perhaps be explained by the fact already mentioned, that the lid
of the jar in which it grew had been broken during a consider-
able period of the experiment; and though the pieces were
cemented together, yet it is more than probable that water
was lost from the soil by evaporation through the crack, in
which case the amount of product would necessarily appear
low.

In the case of this Series, too, it is seen that the product of
heans is exceeded by the peas, and nearly reached even by the
wheat. On the view referred to above, therefore, it would be
necessary to suppose that, provided the results are to be relied
upon, the composition of the several products as regards nitrogen
would be more nearly equal in the case of this Series than in the
former one, and also that the percentage of it was higher in the

N
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specimens of the second Series than in those of the first—a
result which would have to be attributed to the more or less
direct influence of the manure.

The plants of Series 3, having an ammoniacal manure, were
so manifestly unhealthy that the results afforded in relation to
them must not be allowed much weight, and indeed they appear
to be little worthy of confidence.

In the lower section of Table VIIL. the comparison is made
between the individuals of the same description of plant under
different conditions of soil. A considerable difference is here
shown to be coincident with the variations of manuring condition,
and, setting aside the clover, more especially in the cases of the
wheat and the peas. The composition of these when determined
may, to a great extent, elucidate the fact; indeed, the varying
proportion of seed to straw in the several cases indicates a pro-
bable difference in this respect; and analogy would also lead us
to believe that, with the varying observed degree of ripeness and
the experimentally ascertained varying amounts of ash, the per-
centage of nitrogen in the several specimens of the same kind of
plant would also vary very greatly. In support of this opinion
we may state that analyses already made of some of the products
show that some of the cereals contained nearly twice the ordinary
amount of nitrogen. The coincidences in this section are most
striking in reference to the beans, and these, as has been already
stated, were the most healthy and matured plants ubtained from
the experimental jars. The three barley plants, it is true, show
a considerable uniformity, but, as has already been explained,
the figures given for the mineral manure plant are probably
somewhat in error.

Notwithstanding these discrepancies, as yet not fully and satis~
factorily explained, we cannot but recognise in the results thus
far obtained a very encouraging significance; and, indeed, it
seems to us more than probable that future experiments may fix
a definite relationship between the amount of water given off and
that of the non-nitrogenous proximates fixed in the plant, and
this even probably to a great extent irrespectively of their exact
composition, provided their source were mainly in each case the
atmosphere, as in the instances of the seeding plants now under
consideration, and accumulating, as they are known to do, their
chief supplies during the period of the most powerful influence
of heat and light upon the plants.

In Table IX. the amounts of water passing through the plant
for each grain of substance fixed are given—the indications
being the inverse of those we have just been considering; and
the differences are of course dependent on the same circumstances
as those already alluded to.
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It is a striking fact, that (excepting a single clover plant, which
was always unhealthy) there is in every case more than 200 grains
of water passed through the plant for one grain of material accu-
mulated.

Referring to the column of water evaporated to mineral matter
fixed, we see the amount of the former to be, on an average,
2000 times that of the latter. Whatever other explanation, there-
fore, we may receive as to the conditions of assumption by the
plant of some mineral substances occurring in it, in insoluble
combinations, we have here evidence sufficient to show that few
of the substances required by plants, and which are generally
assumed to be insoluble, are incapable of being taken up by
them in an adequate quantity in rain water,

It was our hope to have given in this paper the results of the
determinations of nitrogen, in the various specimens grown in
the pots, with the view of showing what relation subsisted
between the amount of nitrogenous proximates fixed in the plant,
and that of the water passed through it. Unfortunately, how-
ever, the laboratory work in connection with this branch of the
inquiry is as yet not so far advanced as to justify the discussion
of the numerical results on this occasion, nor will our allotted
time allow us to do so. We may, however, state that, as far as
our results have gone, it would appear that, whilst for a given
quantity of water evaporated the amount of non-nitrogenous sub-
stances fixed in the plant is within somewhat narrow limits
identical, in the specimens now under experiment of the two
natural orvders of plants, that of the nitrogenous proximates fixed
is, on the other hand, about fwice as great in the Leguminosa as
in the Graminaces. This is indeed a significant fact, as bearing
upon the distinctive functional characters of the various plants
which enter into rotation, Tt is, moreover, perfectly consistent
with the vesults of our experiments in the field with wheat and
beans respectively, which show that, under the same circum-
stances of growth, as to manure, &c., and in the same season,
the acreage yield of nitrogen is twice or thrice as great in beans
as in wheat,

It cannot be supposed, however, that with the larger amount
of nitrogen harvested in the Leguminous crop the soil would be
proportionally exhansted of it, for common practice sufficiently
teaches that, other things being equal, a larger produce of wheat
would be obtained after a bean than after a wheat crop, not-
withstanding its known dependence on the supply of nitrogen in
the soil.

It may be supposed, indeed, that here we have evidence of a
superior power in the Leguminous as compared with the Grami-
naceous plants, of obtaining their nitrogen from the atmosphere
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rather than from the soil. However this may be, many experi-
ments of our own have convinced us that, especially in the
growth of the Graminaceous grains, there is never an increased
acreage yield of nitrogen in any degree approaching that supplied
by manure ; and, independently of results of a more direct and
practical kind, it has been observed by several experimenters,
that during the growth of plants thero is a constant evolution of
nifrogen from their leaves.

Thus De Saussure, in his ¢ Recherches Chimiques sur la Végé-
tation,” pp. 40-43, gives the results of experiments on this subject,
and he comes to the conclusion that the amount of nitrogen given
off' bears a direct relation to that of oxygen assimilated by the
plant from the absorbed carbonic acid, ' His experiments, more-
over, were made with the Velch, which, as will be remembered,
is a member of the Leguminons family of plants, in which, as

compared with the Graminaceous family, we would suppose the

evolution of nitrogen to be less considerable,

Daubeny, again, in his ¢ Memoir on the Action of Light upon
Plants, and of Plants upon the Atmosphere,” in the ¢ Philosophical
Transactions for 1836, Part L, arrives at a somewhat similar
result; whilst more recently Draper, in his ¢ Chemistry of Plants,’
Pp- 184, 185, and context, ascertained in several experiments the
amount of nitrogen given off during the growth of plants, and
seeks to establish the following conclusions : that “when the
leaves of plants under the influence of light decompose carbonic
acid, they assimilate all the carbon, and a certain proportion of
oxygen disappears; at the same time they emit a volume of
nitrogen equal to that of the owygen consumed.® This disap-
pearance of oxygen and appearance of nitrogen are thus con-
nected with each other: they are equivalent phenomena. The
emission of nitrogen is thus shown not to be a mere accidental
result, but to be profoundly connected with the whole physio-
logical action. , . . . At this stage of the inquiry a remarkable
analogy appears between the function of digestion in animals and
the same functions in plants. Liebig has shown how, from the
transformation of the stomach itself, food becomes acted npon,
and is turned into chyme; an obscure species of fermentation,
brought about by the action of nitrogenized bodies. So in like
manner, in plants, the decay of a nitrogenized body is intimately
connected with the assimilation of carbon ; for, as T have stated,
the process here under discussion is a true digestive and not a
respiratory process. And as there are facts which seem to show
that the primary action of the light is not upon the carbonic acid,

but upon the nitrogenized ferment, the decomposition of the gas

* The italics are those of the author.




