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Tl!¥ Ad,,antagcs of Chemical Scien�e (i� an Agri<;ultural 
point of view,) illustrated by fl �enl:s ot Observat10ns 01, 

the Nature and Improvement ol _So!ls, and �n the Us� 
and Application of �fonures: prmc1�ally �bridged from 
Sir Humphry Da,·y s "Elements of Agncultural Che­
mistry."• 

AG nicuLTURAL Chemistry has for its objects all those changes 
in tl1e arrangements of matter conne�ted with the g_rowth and
nourishment of pl:rnt,;, the comparative val11e of their produce 
as fooJ the constitution of soils, and the manner in which 
lands a�e enriched by manure, or rendered fertile by the differ­
ent processes of cultivation.-Inqniries of snch a nature cannot 
but be interesting and important both to the theoretical agri­
culturist and the practical farmer: to the first, they are neces• 
sary in supplying most of the fuudainental principles 011 which 
the- theory of tl1e art depends; to the second, they are usf•ful 
io affording simple and easy cllperiments for tlirectio� his la4 

hours, and for enabling him to pursue a certain systematic plan 
of improvement. If land be unproductive, and a system of 
ameliorating it is to be attempted, the sure method of obtain• 
ing the object is by determining the cause of it� sierility, which 
must necessarily depend upon some de.f�cl in the con�tilution 
of the soil, and which mav be easily discovered by chemical 
analysis, Some lands of good apparent tcxrure arc still 
sterile in a high degree, and common obsen·ation and comn:on 
vracticc afford uo means of ascertaining the c�use or of rcmov • 
ing the effect; tt,e application of chemical tests in such cast!:i 
is obviou3, for the soil must contain some noxions principle 
which may be easily discovered, and, probably, easily de,;troved. 
Are any of the salts of iron present, tbey nmy be dccornpo�crl 
�y lime; is there an excess of Riliceous sand, the system of' 
improvement must depend on the application of clay and cal­
careous matter; is there a defect of calcareous matter, the 
rernedv is obvious; is an excess of VC"Ctable matter indicated 
it m�ybe removed by lituing, paring, ;nd burning; is there � 
defic1en�y of vegetablt matter, it is to be supplied by manure.
A question concerning the different kinds of lime-stone t.o be 
�mployed in cultivation, often occurs; to determine this fully,
m the common way of experience, would demand a considera­
ble time, perhaps some years, and trials which might bo in-
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jurious to crops, b11t by simple clicmical tes!s the 11::iturc of a 
Ji::ne-stone is discovered in a few minutes, antl the fituess of 
its application, whether as a man me for .different sods or a 
ccmeut, determined. There has bee11 no question or1 which 
more difference of opinion has existed than that of the state iu 
which manure ought to be ploughed into the land, whether re­
cent or when it has gone thro11gh the process of fermentation; 
and this question is still a subject of discussion; but whoever 
will rcfel' to the simples and principles of chemistry cannot 
entertain a doubt on the �ubject,-as soon as clung begins to 
decompose it throw� off its volatile parts, which arc the most 
valuable and most efficient. Dung which has fermented, s.o as 
to become a mere soft cohesive mass, has generally lost from 
one-third to one-half of its most n�eful constitut>ut clements; 
and that it may exert its full action upon tl1e plant and lose 
none of its nutritive powers, it shoulcl evidently be applied 
much sooner, aod Jong before decomposition has arrived at its, 
ultimate results. 

The pher.omena of vt-getaliori must he considered as an im­
portant branch of the science of organi21cd nattire, but though 
exalted above inorganic matler, vegetables are yet, in a great 
measure, dependent for their existence upon its laws: they re­
ceive their nourishment from the external elements, they as­
:similate it by means of peculiar organs, and it is by examining­
their physical and chemical constitution,:and the subst�uces and 
powers which act upon them, and the modifications which they 
undergo, tl1at the 6cientific principles of agricultural chemistry 
are obtained; according to these ideas, therefore, the surface 
of the c:i.rth, the atmosphere, and the water deposited from it, 
must, either together or sepan.t1.>ly, afford all the principles 
concerned in vegetation, and it is only by examining the 
chemical nature of these principles that we are capable of dis­
covering what is the food of plants, and the manner in which 
this food is supplied and prepared for their nourishment. 

The chemical composition of planls has, within the last ter .. 
years, been elucidated by the experiments of a uumber of 
chemical philosophers, and it forms a beautifol part of general 
chemistry; it is too extensive to be treated of minutely, but it 
will be necessary to dwell upon such parts of it as afford prac­
tical inferences. The \·a.Jue and uses of every species of agri • 
cultural produce are most correctly estimated and applied, 
when practical knowle<lge is assisted by principles tlerivcd 
from chemistry, the compounds in vegetables really nutriti\·e, 
as the food of animals are very fcw,-farina or the pure mat­
ter of starch, gluten, sugar, vegetable jelly, oil and extract; 
�r these, the most nutri!i�c i� gfoten, whicb approaches ucarrnt 
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in its nature to animal matter, an<l whir.h jg ll1e substance that 
gives to wheat its s11peric1ity O\'er olher :.:rain ;-the next in 
order, as to nourishiog power, is oil; then sugar, then farina, 
and, la3t of all, ge!atino11� and extractive matters; simple tests 
cf the relative nourishing powers of the different species of 
food arc, the relative quantities of these substances th�t they 
afford by analysis, and though taste and appearance mu1t in­
fluence the consumption of all articles in years of plenty, yet 
they are less attended to in times of scarcity, and on such oc­
casions this kiud of knowledge may be of the greatest im­
portance. 

All the varieties of substances found in plants arc produced 
from the sap, end the sap of plants is derived from water or 
from the #iuids in tl1e soil, and it is altered hy or combined 
with principles derived from the atmosphere. Soils in all cases 
consist of a mixture of different finely divided earthy matters 
with animal or vegetable substances in a state of tlecomposi­
tion, and certain saline ingredients. The earthy matters are 
the true basis of the soil; the other parts, whether natural or 
artificially introduced, operate in the same manner as manures. 
Some earths generally abound in soils, the al uminou s, the si. 
liceous, the calcareous, and the magnesia11; these earths con­
sist of highly inflammable metals u:1ited to pure air or oxygen, 
and they are not, as far as we know, decomposed or altered in 
vegetation. The great use of the soil is to afford support to 
the plant to enable it to fix its roots and to derive nourishment 
by its tubes slowly and gradually from lhe soluble and dis­
solved substances mixed with the earths. That a particular 
mixture of the earths is connected with ferlility cannot be 
doubted. and almost aH sterile soils arc capable of being im­
proved by a modification of their earthy constituent parts. 

_T1Lll advanced the opinion, that minute earthy partide.s sup­
plied the whole noumhment of the vegetable world; that air 
and 1vater were chiefly useful in producing these particles fro1n 
the land, and that manures acted in no other way than in 
amelioratinj?' the texture of the soi!, in short, th at 1 heir agency 
w11.� mechar,ical.. Th is ingenious author of the new system of
agr1�11lture, havrng observed the ei.ccllent effects produced in 
far!"mg, by a minute di\·ision of the soil, and the pulverisation
of. it _by exposure to dew and air, was n1isled by carryiog his
prmc1ples too far . 

. Duha_n:el_ adopted _the opinion of Tull, and stated, thnt by
finely d_1v1dmg the soil any number of crops might be raised in
succ�ss1on fro� the same land. He attempted also to prove, 
by direct ex,pemncnt�, tliat vegetables of e\·ery kind were ca­
pable of l:c1n� ra1�c(l w1lho\lt manure. This ('('l,;bratcd h,,rli• 
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culturist li\•ed, however, sufficiently Joni!; tC1 alter his opinion. 
The remits ur his later and most relined observations, l�d him 
to the conclusicn, !hat no single material diorc.le<l the food of 
plants: the general experience of farcner� had long before con­
\·i11ced the unpnjudiced of the truth of the same opinion, irnrl 
that manures wNe absola tely consumed in the proctss of vege­
tation. The rxhauslioo of soils by carrying off corn crops 
from them, and the effects of feeding cattle on land�, and of 
prosening their mannr", ofter fmnilliar illustrations oi' the prin­
ciple; atod scvernl phi'osophical inquirers, pJ.rtie,ilarly Has­
senfratz and Saussmt>, have shown by satisfactory ex pcrir,1ents, 
that animal an<l vegetuhle mailers deposited in soils are ab­
sorbed hy plants, antl become a p.irt of their organized matter. 
But though neither water nor air, nor earth, sLipp!ies the whole 
of the food of plants, yet they all operate in the process uf 
vegetation, The soil is the laboratory in which the food is 
prepared; no manure can he taken up by the roots of plants 
unless water is pre�ent, and water or its elcme .. ts exist in all 
the produ<.ts cf veget-ition.-The germination of Hed� docs r.ot 
take place without tl1e presence of air or oxygen gas; aud in 
the sun-shine, vegetables <lecompose the carbonic acid gas of 
the atmosphere, the carbon of which is absorbed, and lH·Come11 
a part. of their orgar,ize<l matte-.·, and the oxygen gas, the 
other constituent, is given off, and, in consequc1iee of a variety 
of agencies, the economy of vegetation is made subservient to 
the general order of the system of nature. It is shown by 
various researches, that the constitution of the atmosphere has 
been always the same since the time that it was first accurately 
analysed, and this rumt, ia a great measure, depend upon the 
J,'owers of plar,t� t.() absorb or clocompose the putrifying or de­
caying r�n ains of animals and vegetables, and the gasrnus 
eflluvia which they are constantly emitting; carbonic acid gas 
is formed in a variety of rrocesses cf fonnentation and corn 
bustion, and in the respiration of aoimals, and as yet. no other 
process is known in nature by which it can be consumed, ex. 
cept vegetation. Animals JPOduce a substance which appears 
to he a ncce�sary food of vt>getables ; vegetables evQlve a prin• 
riple necessary to the cxistcuee of animal�, ancl these <lifierent 
classes of beings seem to be thu; connected tog-ether in the 
exercise of their living functions, and to a certain extent made 
to deps>nd upon each other for tl1eir existeoce, ,v atl'r is raised 
from the ocean, diffused through the air, and poured down up­
on the soil so as to he applied to the purposES of life. The 
different parts of the atmosphere :.:re ming-led together hy 
winds er changes of temperature, and successivEely brought in 
contact with ihe surface of the earth, �o as t.o exert their fer-
ti lizin:; influ<:.'ncc. Tbc modihca\i0n� pf tho H>il, aud tlie. 1ippli-
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cation of manures, are placed within tlic power of man ns if 
for 1he rurpo�e of awakenillg his industry aud of calling forth 
his powers. 

The theol'y of the g:encral operation of the more compound 
ma11ures may be Icndcrcd ,·ery ob\'iOus by simple chemical 
principles, but there i.;; still much to be di!;,covered with re�ard 
to �he be.st methods of renderiug animal and yegetable sub­
stances soluble, awl the chemistry of the more simple mannres, 
the manures which act in very small <piantitics, such as gypsum, 
alkalies, aud \'arious saline subsuncee, has hitherto been ex­
ceedingly obsc,ire. It has been generally supposed tliat these 
m<1terials <1ct in the vegetable economy in the same man'ler as 
condimcnfs o, stimulants in the animal ecooowy, and that tht'y 
render the common food more nutritive. It seems, l1owevcr, a 
much more probable idea that they ore actually a part of the 
true food of p \ants, aud lhat they supply that ki11d of matter to 
the \·cgetablc fibre which is analogous to the bony matter in 
animal structures. 

The chemical theory of Fallowi11g affords no new source of 
riches to the soil ; it merely tend� to prouuce an accumulation 
of dccomposin� matter, which, in the common course of crops, 
would be employed as it 1s formed, and it is scarcely possiule 
to imagine a siogle instance of a cultivated soil which can be 
s11ppose<l to remain f<1llow a year w,th advantage to the farmer. 
Tl1e only cases where this practice is bendicial, seems to be in 
the destruction of weeds and for cleaniug foul soils. 

Paring and burning is destructive to vegetable matter, and 
must oc principally useful in cases in which there is an excesl 
of this matter in soils, Tbe in�.tances in which it m11�t be ob­
viou&ly prrjudic:aJ, arc those of sandy tlry siliceous soils con­
taining- little animal or vegetable, there it can only be destruc� 
tive, for it decomposes that 011 which the soil depends for its 
productiveness. 

The advantages of Irrigation act not only hy supplying use­
ful moistnre to the grass, but likewise the water carries nourish� 
ment dissolved in it, and defends the roots from the effects of 
cold. 

No general principles can be laid down respecting the com­
parali\·e merits of the different systems of cultivation, and the 
different systems of crops adopted in different districts, unless 
the chemical nature of the soil, and the physical circumstances 
to wliich it i, e,-:posed, are fully knowP. Stiff coherent soils 
are those most benefited by miuute division au<l aeration, anll 
in the drill system of husbandry these effects are prodnced to 
the greatest extent, btLt still the }ab')nr and expense counected 



:;s The Adr:antagcs of Cl,emical Sc1rncc. 

with its application in certain c\i;;tricts, may not IJc compi>n­
sated for by the advantages prv<luced. Moist climates arc 
best fitted for raising the artificial grasses, oats, and broati • 
leav�<l crops; stif

f 

aluminous soils, ir, general, are most adnpl• 
ed for wheat ctOJ.)S; and calcareous soils produce ncelle;1t 
dover. Nothing 1s more wanting in Agriculture than experi­
fnents, in ,vhich all the circumstances are miutJtely and scien­
titically detailed. This art will advance with rapidity in pro­
portion as it becomes �xact in its methods. As in physical 
researches, all the causes should. be considered; a difference in 
the re�ults may be prod11ced even by the fall of half an inch of 
rain, more or less, in the course of a 11eason, or a few degrees 
of tempcrattJre, or even by a i;Jight difference in the suh-soil, 
o, io the inclination of the land. Information coll�cted afwr 
viE,ws of distinct inquiry, would necessarily be more accurate 
and more capable of being con11ccted with the general prin­
ciples of science; and a few hi�toriea of lhe results of truly 
philoso;:,hical experiments in agricultural chemistry would be 
of more value iu enlightenin� and benefitiug the farmer than 
the greate11t possible accumulation of imperfect trials con­
ducted merely in the empirical spirit. It is no unusual occur• 
reoce for persons who argue in favor of practice and experi­
ence, to condemn generally all attempts to improve agriculture 
by philo�ophical inq.i.iries and chemical methods. That much 
vague specuhi.tion may be found in the works of those who 
have lightly taken up agricultural chemistry it is impossible to 
deny. It is not uncommon to find a uumber of changes rung 
upon a string of lechnical tern1s, such as o�ygene, hydrogene, 
carbon, and a1.ote, as if the science depended upon words 
rather than upon things. But this is in fact a11 argumeut for 
the necessity of the establishment of just principles of che. 
mistry on the subject: whoever reasons upon agriculture is 
obliged to recur to this science. He feels thll.t it is scarcely 
po�sible to advance a step without it; a.nd if he is satisfied 
with insufficient views, it is uot becau�e he prefers them to ac. 
curate knowledge, but, generally, because they are wore cur• 
rent. It has been said, and undoubteuly with great trnth, that 
a philosophical chemist would most probably make a very un. 
profitable business of farming, and this certainly would be the 
case if he were a mere philosophical chemist, aud unless he 
had seTVed his apprenticeship to the practice of the urt as well 
as to theory. But there is reason to believe, tltat he would be 
a more successful agriculturist than a person equally uoi• 
tiated in farming, but ignorant of chemistry altogether; l1is 
science as far as it went would be useful to him. Hut che­
mistry is not the only kind of knowledge re1p1iretl, it forms a 
smEtll part of the pliilosophical b�si!! of agriculture, but il ij 
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an important part, and whenever applied in a proper manner 
must produce advantages. 

In proportion as scien�e a1haoces, all the principles become 
less complicated, and consequently more useful, and it is then 
that their application is most advantageously made to the arts. 
The common labourer can never lie enlightened by the general 
doctrines of philosophy, but lie will not refuse to adopt any 
practice of the utility of which he is fully convinced, because 
it has been founded upon these principles. The marioer can 
trust to the compass, though he may be wholly unacquainted 
with the discoveries of Gilbert oo magnetism, or the refined 
principles of that science developed by the genius of CEpinu5.­
Tbe (Iyer will use his bleaching liquor even thougn he is per• 
haps ignorant not on!y of the constitutiou, but eveu of the name 
of the substance 011 which its powers depcnd.-Tbe great pur­
pose of chemical investigation in agriculture ought undoubtedly 
to be the discovery of improved methods of cultivation. But 
to this end general scientific principles and practical knowledge 
are alike necessary; the germ• of discovery are often found in 
rational i-peculations, and industry is never so efficacious as 
when assisted by science. It is from the higher claues of the 
community, from the proprietors of land, those who are fitted 
by their tducation to form enlightened plans, and by their 
fortunes to carry such plans into execution; it is from these 
that the principles of improvement m 11st ffow to the labouring 
classes of the communitv. There is no idea more unfound�d 
than that a great devoti�n of time and a minute knowledge of 
genc1al chemistry arc necessary for pursuing experiments on the 
nature of soils, or the properties of manures. Nothing can be 
more easy than ro discover whether a soil effervesces or 
changes colour by the action of an acid, or whether it burns 
whe11 heated, or what weigl1t it loses by heat; and yet these 
simple indications may be of great importance io a system of 
cultivation. The expense co1mected with chemical inquiries 
is extremely trifiing,-a small closet is sufficient for containing 
all the materials required. The moat important experiments 
may be made by means of a small portable apparatus :-a few 
phials containing acid a, alkalies, and chemical unguents; some 
foil and 111 ire of platinum, a lamp, a crucible, some filteriog­
paper, some funnels, and gla�ses for receiving products, arc 
all that can be considered as absolutely essential for pursuing 
useful researches, 

It undoubtedly happens in agricultural chemical experiments, 
conducted after tho most refined theoretical views, that there 
are many iostances of failure for cne of snccess, and this is in• 
e,•itable from the capricious and uncertain nature of the causes 
that operate, an<l from the impossibility of calculating- on all 
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the circumstances that may interfrre, Lut this i� far from 
prov in� t.he in utility of such !rials, one happy result wh1cl1 ca11 
generally improve the methods of cultivation is worth the 
hbour of a whole life; and an nnsucccssfnl experiment, wdl 
obsen•ed, must cstabligb some truth, or tend to remove some 
prejudice, Even consider�d merely as a philosophic,:il science, 
this department of knowledge is highly worthy of cultivation; 
for wh1tt can be more delightful than to trace the forms of liv­

ing: beings and their adaptations and peculiar purposes, to 
ex­amine the progress of inorganic matter in its different 
processeR of change, till it attai11s its ultimate and highest 
destination, its snbservicncy to the purposes of man. 

Many of the sciences are ardl'ntiy pu rsue<l, allll cor.siderecl 
a-s proper objects of study for all relined minds, merely on 
ac­count of tha intellectual pleasure tlwy afford, merely 
hecause they enlarge our views of nature, and 12nable us to thiu 
k more correctly with respect to the beings and obj.,cts 
surrounding us.
How much more then is this deparlmeut of inquiry worthy of 
attention, in which the pleasure resulting from the love of truth 
and of knowledge is as great as in any other branch of 
philoso­phy, and in which it is likewise connected with much 
greater practical be11efir51 and ad\·antag<'s, Discoveries made 
in the cultivation of the eaith, are nut mere!v for the time ar.d 
coun1rv in which they are developed, but they may be 
considered a·• extending lo fot,tre ages, and as ultimately 
tt'11ding to be11efit the whole liuman race, as afford inc; 
subsistence for gerwrations 
yet to come, as mnltip!ying life, a;1cl not only rnult1p!Jing life, 
but likewise 1-1ro1·iding for its enjoyment. 

( To l,e can'.iuucd.) 
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