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ON THE ENRICHlIIENT OF THE SOIL BY 
THE CULTIVATION OF 'ENRICHIATG 
CROPS.' 

IT is an observation almost as old as agricul- 
ture, -certainly much older than the earliest lit- 
erature of agriculture, - thah certain crops appear 
to increase the fertility of the soil upon which 
they are grown ; or, to state the case more accu- 
rately, they exert a favorable influence upon the 
growth of the succeeding crop. Red clover is tlle 
typical example of such a crop ; and the use of 
this plant as a means of renovating poor or ex- 
hausted soils is co-extensive with improved agri- 
culture. Other crops, on the contrary, have a n  
opposite effect, and are denonlinatecl exhausting, 
as, for example, the cereals. 

But while the facts just recounted are sufE- 
ciently well lmown, their cause or causes are by 
no nieans so well made out. The first attempts a t  
explanation naturally assumed that the exhaust- 
ing crops took more from the soil than the enrich- 
ing crops, or, what amounts to the same thing, 
that the latter were the medium of conveying ma- 
terials from the atmosphere to the soil. The en- 
riching crops were also supposed to improve the 
soil by facilitating the direct acquisition of mate-
rial by the soil from the air, accomplishing this by 
shading the soil, by the mechanical action of their 
roots, and also, in  case of root-crops, for exam-
ple, by tlie tillage necessary for their cultivation. 

Thaer and his school, to whom we owe these 
atternpts a t  explanation. considered the humus of 
the soil to be the real food of the plants, and the 
mineral matters to be unessential, and naturally 
found support for their hypotheses in the great 
increase in the organic matter or huinus of the 
soil consequent upon the growth of such a crop as 
clover, for example. As the progress of investi- 
gation brought about a better understanding of 
the laws of vegetable nutrition and the sources of 
plant-food, these views as to the action of enrich- 
ing crops were gradually modified ; but they con- 
tinued, and still continue, to follow the general 
lines laid down by Thaer. We now know that 
tlie plant obtains from the soil its mineral ingredi- 
ents and its nitrogen, while the bulk of its 'or- 
ganic' matter is assimilated by its leaves. I t  is 
plainly impossible that a crop should enrich the 
soil in mineral matters. All crops enrich the soil 

in carbon to some extent, since their roots and 
stubble remain in the soil ; but this carbon ap- 
pears to be of no direct use to the plant. There 
remains only the nitrogen, and the modern theo- 
ries of the action of enriching crops are based on 
the belief that they solnehow increase the store of 
nitrogen in the soil. Indeed, if we substitute ni- 
trogen for hunlus in Thaer's hypotheses, we have 
very nearly the views of recent authors. 

Before proceeding to discuss these views, how- 
ever, it will be well to inquire whether this sup- 
posed enrichment of the soil is a fact. The hene- 
fits of a judicious rotation of crops are undoubted, 
but they are susceptible of a variety of explana- 
tio~rs. A crop like clover, for example, may pro- 
mote the growth of a succeeding grain-crop in ? 
variety of ways, having no relation to the stock of 
nitrogen in tlie soil. Only careful scientific ex- 
periments can decide whelller such crops actually 
enrich the soil in nitrogen. Unfortunately, but 
few experiments upon this subject have as yet 
been made, and some of those reported are of 
doubtful value. Considerable interest, therefore, 
attaches to the experiments made by Strecker in 
the year 1883-84 a t  Gottingen, a n  account of 
which has recently been publibhed,' along with a 
very conlplete review of the literature of the sub- 
ject. 

Strecker experimented upon plants and soils in 
pots, lupines serving to repre?ent the legumes, and 
oats the cereals. But one of the vegetation ex-
periments of 1883 succeeded ; vie., one with lu- 
pines in unnlanured sand. From the data given, 
it appears that the soil and roots reniaining in the 
pot contained only about 40 per cent of the ni- 
trogen originally present in the sand, or introduced 
in the seed or in the rain to which the pots were 
exposed. On the other hand, the amount thus re- 
moved from the soil was only about 39 per cent of 
the total quantity found in the aerial portions of 
the plants : the remaining 61 per cent, therefore, 
must either have been assiniilated directly from 
the atmosphere or been absorbed from it by the 
soil. Six pots without plants were alqo expo~ed 
during the summer ; and these showed, without 
exception, a considerable loss of nitrogen, which, 
as there was no drainage from the pots, must 
have passed off into the air. Two of the pots 
contained unmanured sand with 0.0015 per cent 
of nitrogen ; and the variations in these were evi- 
dently within the l ~ m i t s  of analytical error and of 
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no significance. The other four pots contained 
the same sand manured with bone-dust, and these 
shower1 an nnmistakable loss of nitrogen. This loss, 
of course, was from the manure rather than from 
the soil, and it seems probable that i t  was due to 
the loss of nitrogen in the free state during decay 
which has been shown to occur by Reiset, Lawes 
and Gilbert, Kiinig and Kieson, Dietzell, Xorgen, 
and others, including the writer. At the same 
time, these results show that this 1 0 s  may take 
place under the circumstances in \ ~ h i c h  organic 
matter exists in the soil or in the added manure. 
Streclrer observed that the loss was lees when the 
soil was stirred on the surface than when undis- 
turbed, and greater in the sun than in the shade. 
H e  explains the former fact by the hjpothesis 
that the loosened soil absorbed ammonia from the 
air more freely than the compact one, and thus 
made good part of the loss just noted. 

The experiments of 1884 were made partly in 
glass pots, and partly in zinc boxes. Both stood 
under cover, protected from both rain and dew. 
Some were filled with sand, and some with gar- 
den-soil. As before, lupines and oats were used 
as experimental plants, and pots were also left 
without plants for the purpose of observing the 
loss of nitrogen noted in the prelious year's ex- 
periments. 

Streclrer's principal conclusions from his results 
were as follows :-

1. A naked soil exhales during the summer 
considerable quantities of nitrogen. The loss is 
greater from compact than from stirred soil. 
The results of the experiments of 1884 upon this 
point were of the same character as those of 1883; 
that is, the results in the sand alone are of no 
significance, while those in  the manured sand 
show in reality a loss of nitrogen by the manure. 
In  addition to this, however, one of the pots with 
garden-soil showed an unmistakable loss of ni-
trogen. 

2. If the soil is occupied by oats or lupines, this 
102s of nitrogen is diminished. Some loss n as 
still observed in most cases; but when lupines 
were glomn in unmanured sand, the results, cal- 
culated on the basis of the minitnun1 percentage 
of nitrogen originally found in the sand, showed a 
gain of nitrogen by the boil and roots. An un-
mistal<ahle increase of the nitrogen of soil and 
plant over that of soil and seed was noted in 
several of these trials in unmanured sand. 

3. In  all cases in which the soil was tolerably 
rich in nitrogen, less nitrogen was found in it  
after the g ~ o m t h  of a crop and the removal of the 
aerial portions than was present a t  the beginni~rg 
of the experiment: in other words, there was no 
enrichment of the soil. 

[VOL. IX., NO. 206 

4. No essential difference was observed between 
lupines and oats. Both drew their supply of ni- 
trogen froni the soil, and, in  most if not all cases, 
left it poorer than they found it. 

I t  will be seen that Strecker's experiments give 
little countenance to any hypothesis of a gain of 
n~trogen from the atmosphere. I11 this respect 
they differ from the results reported by Atwater.' 

The latter experimented upon peas grown in 
sand and watered with a solution of plant-food, 
and found in nearly every case much more ni- 
trogen in soil and plant than was supplied i n  seed 
and nutritive solution. EIis results, however, do 
not bear directly upon the question under discus- 
sion, because lie renzoved the whole plant, in-
cluding the roots, from the soil, and determined 
only the total nitrogen in roots and tops and the 
~esidual  nitrogen of the soil. It would seem, 
however, that, if plants can gain so large a pro- 
portion (up to 50 per cent) of their nitrogen from 
the air as they did in these experiments, they 
might very well enrich the soil in nitrogen through 
their roots and stubble, Streclrer's experiments 
are very interesting as regards the relations of 
soil and plant to the nitrogen supplies of the 
atmospliere, but they are entirely inadequate to 
explain the functions of 'enriching crops' in  agri- 
culture. Pot experiments, while they permit any 
exchange of nitrogen between crop and atmos-
phere to be accurately observed, practically as-
sume that the soil ends a t  the depth of ten or 
tw6ls.e inches, and take no account of the subsoil 
as a source of nitrogen. They thus ignore a 
factor of great importance, and one which affects 
the question in two distinct ways. I n  the fitst 
place, large amounts of nitrates may escape into 
the subsoil with the drainage-water. I have dis- 
cussed in an earlier article (Science, iii. No. 48), 
the results of experiments by Lawes and Gilbert 
and by DehBrain, bearing on this subject, and 
have shown that the deep-rooting legutninosae, 
which have a long growing-season, have a n  im- 
portant function in arresting these nitrates, and 
storing them up i n  an insoluble form, to be set 
free again gradually for the use of a succeeding 
crop. According to Lawes and Gilbert, i t  is a t  
least probable that the roots of clover in sorne 
way serve to convey the nitric ferment into the 
subsoil (which is naturally nearly degtitute of it), 
and thus indirectly convert the insoluble nitlogen 
conlpoaiids there present into nitrates, which they 
then proceed to assimilate. 

I n  the second place, it would appear that clover 
and similar deep-rooting plants may bring u p  
nitrogcn froill the subsoil and deposit it in their 
upper roots and stubble. While the soil as a 
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whole is not enriched by this process, the surface 
soil is, and this concentration of nitrogen in a 
smaller soil area may greatly facilitate the growth 
of a succeeding shallow-rooting and quick-grow- 
ing crop. Drechsler ' has attempted to show that 
such a n  enrichment of the surface soil is iinpos- 
sible. He argues, that, since the roots develop 
cliiefly where they find food, if they find their 
supply of nitrogen chiefly in the subsoil, they will 
develop chiefly there, and consecluently will not 
enrich the surface soil. I t  is not difficult to 
shorn, however, tliat this reaooning is fallacious. 
I t  is no more difficult to  conceive that nitrogen 
should be transferred from the subsoil r,aots to 
the surface-soil roots, i f  the latter found an 
abundant supply of mineral matters a t  hand, 
than it  is to conceive that both nitrogen and 
ash ingredients may he tran~ferrecl from the 
roots to the aerial parts of the plant, provided 
the latter find a sufficient supply of carbon di- 
oxide. Let us suppose the surface soil to be 
absolutely destitute of nitrogen to the depth of 
six inches, and that the nitrogen of the seed is 
sufficient to supply the growth of a root down 
into the nitrogen-bearing layers below. A plant 
would certainly grow under such conditions ; and, 
when the crop was harvested, its stubble and what 
roots it  had formed in the upper six inches of the 
soil would contain nitrogen, and the surface soil 
would be enriched to just this extent a t  the ex- 
pense of the subsoil. 

I t  would appear, then, that such an enrichment 
of the surface soil is possible. But few experi- 
ments calculated to demonstrate its actual occur- 
rence have been made. The problem is not an 
easy one. I t  is difficult to take samples of a soil 
which shall be truly average samples ; and the 
percentage differences are so small that they 
may easily be hidden by an error in sampling. 
Analyses by Dehhrain and by Lames and Gilbert, 
however, appear to show that such a gain does 
take place. 

Finally, the relative power of different plants 
to assimilate nitrogen has an important bearing on 
this question. Wagner has rendered it probable 
that leguminous plants are able to assimilate 
freely the con~paratively insoluble nitrogen of 
the soil, while tlie cereals require their nitrogen 
i n  a n  easily soluble form. If this is true, one of 
the functions of enriching crops may be assumed to 
be to  gather the nitrogen of the soil which is un- 
available to other crops, concentrate it  in  its roots 
and stubble, and yield it up again by decay to the 
following crop. 

On the whole, i t  does not seem difficult to ac-
count for the effects of enriching crops without 
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supposing that they draw materially from the ni- 
trogen of the air, while not excluding the possi- 
bility of their so doing. Whether our agriculture 
is flourishing, as Lawes and Gilhert maintain, a t  
the expense of the accuniulated nitrogen of past 
centuries, or whether there are proceskes by which 
free nitrogen is brought into combination again in 
quantities sufficient to balance the evolution of 
free nitrogen which we know to be continually 
going on, is as yet an unsettled question. . 

H. P. ARMSBY. 

NATURAL GAS. 

k LECTURE on the subject of natural gas was 
delivered at  the Franklin institute on Saturday 
evening, Dec. 18 last, by Mr. Charles A. Ash-
burner, geologist in  charge of the State geological 
survey. The lecturer stated that natural gas was 
by no means a recent discovery. Even its utiliza- 
tion for the purposes of the mechanic arts had 
heen successfully attempted in China, where, by 
pipes of bamboo, it had been conveyed from nat- 
ural wells to suitable furnaces, where, by means 
of terra-cotta burners, i t  was cons~~med.  In  the 
confines of Persia, in the south of France, ancl in 
our own western states, burning-springs had long 
been known. When Lafayette visited this coun- 
try in 1821, the inn in  the town of Fredonia, N. Y., 
was illuminated in his honor by gas procured 
from a neighboring well. I t  is, however, only 
within recent y e a ~ s  that natural gas has arisen to 
any importance in its bearing on the mecl~anic 
arts. A t  present the great iron and glass works 
of Pittsburg and of otller places are supplied with 
natural gas as their only fuel, and millions of 
cubic feet are yearly consumed in Pittsburg and 
similarly situated cities. 

Of the origin of natural gas there seems to he 
no reasonable doubt. I t  arises from the decompo- 
sition of forms of animal or vegetable life embed- 
ded in the rocks in suitable situations. The gas 
is not believed to be generated continuously, but 
merely to  be stored in porous or cavernous rocks 
ovellaid by impervious strata. When these col- 
lections are tapped, the gas is set free, but a new 
supply is not being formed to take its place. The 
position at  which the gas is found is very vaii- 
able, depending upon the force of gravity and 
upon the position of the porous layer in  which the 
gas is confined. The lecturer entered into an ac- 
curate description of the localities in which the 
gas was found, and gave the reasons why it =as  
hopeless, from geological grounds, to look for nat- 
ural gas east of the Alleghenies. The region in 
which the gas is found is practically embraced in 
that portion of Pennsylsania west of the Alle- 


