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During recent years Sir Jno. Lawes, and Dr. Gilbert have 
investigated the subject of the waste of nitrogen in soils, 
owing to the dissolving action of the rainfall upon nitrates 
and their washing through into the deeper and inaccessible 
sections of the soil. They have shown that this waste is 
greater upon land which does not carry a crop and that it 
is entirely arrested when the upper surface of the soil is 
permeated by a mat of root fibres. These seize upon and 
hold nitrates and fix them in the body of the growing plants, 
thus preserving them as food for animals and finally retain 
them for further use in the form of fertilizing matters for 
the succeeding crop. Not only do the roots of growing 
crops absorb nitrates, but mineral matters, and by their 
penetrative powers they ransack the subsoil and bring 
matter to the surface which was not previously available. 
Let me draw your attention to the views now held as to the 
absorption of nitrogen by plants. 

Since the apparently conclusive experiment of Boussingault, 
which were completed as long ago as 1854, it has been accepted 
as an axiom in physiological botany that the free nitrogen of 
the atmosphere is useless to plants for the purpose of assimi-
lation, and that the exclusive source of their nitrogenous com-
pounds is the soluble nitrates in the soil. But like so many 
generally accepted beliefs, very grave doubt is now thrown on 
the correctness of this view by Dr. B. Frank. In his papers 
the results are given of a series of experiments which be con-
siders to prove the point that the amount of nitrogen in the 
tissues of the plant is in excess of that which could possibly be 
due to the soluble nitrates absorbed from the soil. The 
nitrogen which must thus have been absorbed through the 
leaves directly from the atmosphere, is perhaps in the tissues 
in the form of organic nitrogenous compounds, not of nitrates. 
The nitrates present in the tissues of plants,the amount of 
which varies greatly with different plants, are entirely absorbed 
as such through the roots. Dr. Frank believes that the low 
forms of vegetable life, as Oscillaria, Ulothrix, Pleurococcus, 
Chlorococcum, and the protonemes of mosses, have especially 
this power of removing free nitrogen from the atmosphere, and 
forming therefrom nitrogenous compounds, but that the 
property is probably common to all vegetable organisms 
which contain chlorophyl, and that, like the assimilation of 
carbon, it is a function of their chlorophyl. Drs. Hellriegal 
and Willfarth have put forward another view—that there is 
an essential difference between the way in which Leguminosce 
obtain their nitrogen, and that of other plants. 	They claim 
to have determined by experiment that the growth of barley 
and oats is in direct proportion to the amount of nitrates 
absorbed from the soil, and that they are totally unable to 
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live in a soil entirely deprived of nitrates. This is not the 
case on the other hand, with vetches, which may grow 
luxuriantly in a soil containing no nitrogen, and which 
must, therefore, obtain their nutriment from some other 
source, viz. :—the free nitrogen of the atmosphere. The 
authors advance the theory that they do not do this directly, 
but through the instrumentality of the microbes contained in 
the tubers which occur on the roots of the vetch, bean, and 
many other plants belonging to the Leguminosoe. 	These 
microbes, therefore, carry on a symbiotic existence with the 
host plant, the microbes contained in the soil not being 
available for this purpose. 

To this Dr. Frank replies, dissenting from the distinction 
drawn by Hellreigel and Willfarth between Leguminosce on 
the one hand and grasses and other orders of plants on the 
other hand, all of which, he maintains are, in certain 
conditions, capable of assimilating directly the free nitrogen 
of the air. He further points out that there is no single 
direct observation to connect the " bacteroids" in the root 
tubers of Leguminosae with this supposed function, and that 
the fact of their being living organisms is subject to considerable 
doubt. In placing before you some of the aspects of Agri-
cultural Science I hope you will not look at it as book farming, 
for I know this has always been viewed with a certain 
amount of suspicion by practical Agriculturists. The real fact 
of the case is that those best qualified to practise the arts 
of the cultivator are naturally averse to take up the pen, and 
conversely those who are most at home in the study are often 
most abroad in the field. The task of either writing or 
speaking upon purely agricultural matters is not to be under-
taken lightly if the writer values the good opinion of farmer 
critics who lie may rest assured will not spare his shortcomings 
and misdoings. Some of you might remember the description 
of this class of gentlemen in Will Carlton's Farm Ballads. 

A Writer for the Agricultural Press 
Who farmed (on foolscap) with complete success, 
Who raised great crops of produce in a wink 
And tilled large farms with paper, pen and ink, 
Who sitting indoor at a regular price, 
Gave large amounts of good out-door advice. 

I would ask you now to look at the question how Science in 
general has affected the farmer. 

The economical applications of Science in the vast 
improvements of the telegraph, the railroads and the 
steamships have changed the whole system of commerce. 
The effects of these have been been to destroy local 
markets and to consolidate all into one market—the 
world. If our farmers want to know the names of three 
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persons who have knocked out the bottom of our old agricul-

tural system I can I think tell them. Their names are Sir 

Charles Wheatstone, Sir Henry Bessemer, and Dr. Joule. 

The first, by telegraphy, has changed the whole system by 

which exchanges are made; the second, by his improvements 

in stee lhas altered profoundly the transportation of commodi-

ties by sea and by land; and the third, by his discoveries of 

the mechanical equivalent of heat, has led to great economy 

of coal in compound engines. The effect of these discoveries 

upon the transport of corn will be realised when I state that a 

small cube of coal, which would pass through a ring the size 

of a shilling, when burnt in the compound engine of a modern 

steamboat., would drive a ton of food and its proportion of the 

ship two miles on its way from a foreign port. This economy 

of coal has altered the whole situation. Not long since, a 

steamer of three thousand tons, going on a long voyage, 

might require two thousand two hundred tons of coal and 

carry only a limited cargo of eight hundred tons. Now a 

modern steamer will take the same voyage with eight hundred 

tons of coal, and carry a freight of two thousand two hundred 

tons. While coal has thus been economised human labour 

has been lessened. In 1870 it required forty seven hands 

on board our steamships for every thousand tons capacity, now 

only twenty-eight are necessary. All these changes going on 

in the economy of fuel and of labour have led to increased 

production at a small cost. Four men in the United States 

working for one year in the growth, milling, and transportation 

of wheat can produce flour for a year's consumption of one 

th ousand other men, allowing one barrel of flour to each adult. 

Ineed not elaborate this point further, for you will all see 

how this has acted upon agriculture. It has made the grain 

market one all over the world. 
English farmers have had a formidable lesson given to 

them, that they, like other producers, must adjust themselves 

to changed conditions produced by the advance of science. 

Some farmers in other countries have had this lesson in a still 

ruder way. One of the most important crops in Holland, 

Belgium, France, and Turkey, used to be the dying material 

called madder. The colouring substance of that dye is now 

made cheifly from coal-tar, and the agricultural industry for 

its production has been swept away. So will the growth of 

indigo in India pass away, The grower of sugar canes is 

looking with some apprehension at the substance three 

hundred times sweeter than sugar that is now made from 

coal-tar in Germany. All industries require to re-adjust 

themselves to the changed conditions of modern production 

and competition, so that agriculture is no exception to this 

pressing need. 
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You will now understand my point, that the agriculture 
of all lands must alter because of the changes which applied 
science has introduced. It has made the market of the 
world one. Under these circumstances what is the farmer of 
the future to be? 

A writer in Blackwood's Magazine gives the following 
definition of the successful farmer of the future :—" The 
successful farmer of the future must be well grounded in the 
general and technical knowledge of his business. He must 
look closely and more carefully into the internal working of 
his farm than was necessary in former times. He must watch 
keenly every movement of the foreign producer, study the 
condition and prospects of the markets, and be prepared to 
produce such commodities as are likely to bring him the best 
return. He must not tie himself to the growing of certain 
crops and the rearing of certain stock merely because his 
forefathers did so, or because he himself found them profitable 
in times gone by. He must cultivate and open mind,' be 
ready and willing to avail himself of any new system and 
modification of practice calculated to benefit him, being careful,. 
of course, not to attempt upon a large scale practices they 
are risky or have not being proved by actual test. He must 
not be above giving his attention to little points of detail, or 
to tiny dribblets of income, for in agriculture the 'day of 
small things ' has assuredly come. Method precision, industry, 
forethought, economy, sound and ready judgement and 
intelligence—these are the elements of successful business. 
They are as essential to the farmer of to-day as to the busiest 
business men in our greatest commercial centres." To aid 
the farmer of the future, the theory and practice of agriculture 
is receiving year by year, increasing help from scientific 
teaching in various forms, and as the value of such teaching 
comes to be better understood and more generally appreciated, 
the farmer will be the better able to compete with his rivals..  
Agriculture is so intimately associated with so many distinct 
departments of natural science, that the successful farmer 
must ever be a man of science, if we use the much abused 
term of science in its strict and only legitimate sense, as 
referring to systematic organized knowledge, the result of 
careful and accurate observation of the subjects of which it 
treats, rather than to improvised theories and crude generaliza- 
tions, which too often take shelter under the name of " science." 

Among the more important sciences bearing closely on 
agricultural practice, we may name Geology and Chemistry, 
in connection with the various kinds of soil, and the manures 
which will supply at a mininum of cost, the deficiences of 
each, in the growth of the respective crops in the rotation. 
Animal Physiology and Pathology are no less needed in con- 
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nection with the rearing of stock, and their successful 
management in health and disease ; while Botany and 
Vegetable Physiology are hardly less important to the farmer 
who would profitably cultivate the various crops 113 sows, 
and at the same time discourage, at a minimum of cost, 
the noxious weeds, with which, if allowed to do so, nature 
would so liberally stock his land. Again, in order to cope 
with the ravages, of, we fear, an increasing variety of insect 
pests, and to form a sound judgment on the pros and cons of 

the vexed question of the agricultural influence of some of our 
common birds, the intelligent farmer looks to Entomology 
and Ornithology ; while the yearly increasing complication 
of farm-machinery makes a corresponding knowledge of 
Mechanics valuable for the selection and management of the 
implements he buys. The important influence on farming 
operations of every kind, of the temperature, rainfall, and 
sunshine, and especially the distr:bution of each over the 
different seasons of the year, must ever give to the science of 
Meteorology a special interest to 'farmers. Indeed few in-
dustries, if any, draw so largely as does agriculture, on so 
wide a range of scientific observation, and in perhaps still 
fewer do the various departments of science needed dove-
tail so intimately into each other as to make it difficult to say 
which is the most important. The intelligent farmer of the 
present day is earnestly endeavouring to improve his art, 
and he is willing, nay anxious to obtain the co-operation of 
scientific men, in order to increase his knowledge of the theory 
as well as the practice of his ancient calling. 	Indeed he not 
only admits the utility of science in Agriculture but often 
places an undue degree of value upon the theories of the 
Chemist, of the Botanist and of the Geologist. This is en-
couraging to the men of Science, but on the other hand they 
must admit that by far the greater portion of the sum of 
human knowledge has been derived from the experience and 
observation of men utterly unacquainted with Science, in the 
ordinary signification of that term. This portion of our 
knowledge is also in its practical application the most valuable. 
Countless millions of men during many thousands of years 
have incessantly been occupied in improving the processes of 
mechanical Agriculture which as an Art has consequently 
being brought to a high degree of perfection ; but scientific 
Agriculture is a creation of almost our own time, and the 
number of its cultivators is small, all its theories cannot 
therefore at present claim that degree of confidence which as 
a rule is only reposed in the opinions founded on the ex-
perience of practical workers in the field. Still the farmer has 
derived a great amount of useful information from the Chemist 
and Physiologist ; and they alone can explain to him the 
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causes of the various phenomena which the different branches 
of his art present. It has to be acknowledged that there was 
a time when it was the fashion of the man of Science to look 
down with contempt from the lofty pedestal on which he placed 
himself, upon the lessons of practical experience read to him by 
the cultivator of the soil whilst on the other hand it is just 
as true the farmer treated as foolish visionaries those who 
applied the teachings of Science to the improvement of their 
art. This state of things has I trust now passed away. The 
scientific man no longer despises the knowledge of the mere 
farmers, but turns to good account the information derivable 
from their experience whilst the farmer on the other side has 
ceased to speak in contemptuous terms of mere book learning. 
It is to this happy combination of the scientist with the practical 
man that recent advances in agriculture is due, but on one point 
there is still a little misunderstanding, The practical man will 
meet you with the question, what do you mean by Scientific 
Agriculture ? what is Agricultural Science ? and we must 
acknowledge that these terms are frequently used to express 
different and oftimes conflicting ideas according to the 
knowledge of the persons using them. Professor Tanner 
describes Agricultural Science as " Scientific Truths taught by 
the practice of Agriculture," and we may accept his definition. 
The laws of Agricultural Science will be most accurately learnt 
when they are deducted from the practice of farming. The 
terms Scientific Agriculture, Agricultural Science and Agri-
cultural Chemistry are very often used as if they had the same 
meaning. People fail to see any distinction between Agricul-
tural Science and the study of Chemistry, Botany, and 
Geology; but this arises from imperfect knowledge. Our best 
writers and teachers have now accepted Professor Tanner's 
definition and they investigate the Science of Agricultural 
practice or teach the principles of Agricultural practice and as 
Professor Tanner well says " the experience of practical 
farmers is the great storehouse of Agricultural Science, and, 
that instead of such Science being in any way opposed to 
practice, it is its very essence its life, the spirit by which it is 
animated." This Science of Agricultural Practice, what we 
already know, as well as what we are every day learning, 
must be adequately diffused among the agricultural body, 
and in every district means must be adopted for promoting 
this diffusion. The pure and abstract sciences will be doing 
useless work as far as agriculture is concerned unless their 
discoveries and suggestions be fully known to those whose 
benefit they are most likely to promote. We do not go to 
the trouble even of interesting our children. According to 
the present plan, a boy goes to school when five or six 
years old ; any little that he may have learnt about farm 
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work before that time soon disappears along with the interest 

in it, there being no means of refreshing the one or 

encouraging the other. All his energies for the next eight 

years are to be spent in his book education. If this could 

be carried out in practice, I would not so much object, but 

it is well known to those who have studied juvenile human 

nature, that not a sixth part of the time of nine-tenths of 

school-boys can be said to be really and positively spent on 

their work. I do not speak of the time occupied dreaming 

and wool-gathering, which sometimes passes for work. The 

remainder of the time is fully taken up with employments 

of their own (for boys are never idle in one sense), but all 

of these are far away from the business of their riper 

years, the thing by which they are to live and win bread for 

themselves and others. 
The interest in home and in the daily voutine of farm 

life is not cultivated, and is replaced by a restless desire to 

ramble and wander in the search for enjoyments of a more 

exciting nature. There is no opportunity or encouragement 

given to develop in boys the faculty of observation. The 

whole system is one of cram, cram of book-work, without 

connection with anything practical, and the roads by which 

this learning might have found vent and usefulness are 

allowed to fall into dilapidation and decay. 
" As the boy is, so will the man be." When the school-

boy, who for years has spent the greater portion of his time 

idling, leaves the haunts of his idleness and goes out to the 

farm to work he finds he has no interest nor heart in it, 

and everything he tries he does badly and detests it, because 

he has had no experience. He soon gets disgusted, and 

leaves country life for some town employment or railway 

work, for which he is equally unsuited, and which has the 

reverse of an elevating influence on him, either socially or 

materially, and in these depressed times often leads to 

poverty. 
To wed a man to country life, he must have more sub-

stantial and enduring ties and inducements than the fun 

and frolic of his boyish days. 
I do not pretend to show, like a legislator, what 

particular course should be adopted as a remedy. I only 

want to point out that a great social evil is growing in our 

midst. We shall never have proper stability or habits or 

excellence of work among our farming classes until it is 

seen to be essential for the well-being both of themselves 

and. the country, that their mental training must go hand 

in hand with their special training for their life work, 

which, of course, brings about the extension of their 

powers of observation, and the growth of a love of country 

life and home comforts. 
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Gentlemen, I speak with some experience. As a boy I 
attended the parish school of my parish under the good. 
old Scotch parochial system, before the invention of the 
school board. Some of you gentlemen will know that 
under that system there was some chance of the abilities 
and education of boys being led into proper grooves. The 
clever boy of the poor man's family had every opportunity 
and encouragement to study and ultimately to pass into 
the ranks of the learned professions, but, above all, there 
was nothing to encourage restlessness and. dissatisfaction 
with the habits of country life, and. yet we got very little 
to interest us in that work which was going on daily 
around us, and to which some of us looked forward. to as 
our life work. If we had, what a different aspect our 
parish would have to-day to those who were school-boys 
then, but have taken up their life work now. 

If we could. not get information in our youth we must 
seek for knowledge later on in life. Take our plant 
diseases. In the same way as dwellers in town have been 
aroused from their apathy and made to understand some-
thing what is necessary for health, so all agriculturalists 
should_ learn something of our plant diseases. It is not neces-
sary for every farmer to be a complete master of the physiology 
of all the plants he grows any more than it is necessary that 
a householder should know all about the exact nature of 
typhus or typhoid, or bacteria, bacilli and other germs ; 
but as every householder at length begins to know 
amongst other facts that an open drain is likely to prove 
fatal to life, so every farmer should know amongst other 
things that sour fields and rotting refuse means disease 
and perhaps destruction to his crops. 

Practice with Science can be well illustrated in the 
history of the Royal Agricultural Society of England. 
Take the development of machinery at their shows. The 
portable steam engine was first introduced in 1841, the 
haymaker in '43, and the same year saw the first combined. 
threshing machine and carts furnished with springs, The 
strawshaker and turnwrist ploughs appeared. in 1845. In 
1839 the farmers swarmed round the first drill machine, 
and 1843 saw the first machine for making drain pipes. 
The portable steam engine and threshing machine appeared 
in 1847, and Fowler's draining plough in 1850. Howard's 
harrows were first shown in 1844, and the M'Cormick 
reaper in 1851. These are just a few dates, but they 
mean a lot. The Royal has assisted in developing many 
of the machines now in common use. How? by the aid of 
Practice with Science—the judges tested the machines 
practically in the field and the Scientist brought weighing 
and measuring, the bases of all Science to their help and 
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gave them the Dynamometer, The result of working on 
this Scientific method was, that implement makers were 
told that which they could not learn at home, but which it 
was life or death to know, not only when they were beaten, 
but why they were beaten. Are proofs requisite ?— -Allow 
me to quote from an article in the last number of the 
Society's transactions :—" Let the steam engine reply for 
other classes of machinery. The case is one wherein the 
results of the Society's trials are measureable in pounds 
of coal and water, the equivalent of L. S. D., and one 
too in which the shape of the organism so to speak 
exhibits plasticity under the influence of conditional 
trials just as an animal does in the skilful breeder's 
hands. Did the Society ask for economy of coal ? The 
prize engine of 1849 burned 11* lbs of coal per horse 
power per hour ; 1850, 71 ; 1852, 41 ; 1853, -11; 1855, 
31 ; 1856, 3i- ; 1872, 24 ; 1887, 1.8." 

It seems to be proved and is generally accepted that the 
efforts of Agricultural mechanists, who it is to be 
remembered are ever guided by scientific principles, have 
been so far successful as taken together to effect a saving 
on outgoings on a farm of about one-half. We are apt 
too often to say, gentlemen, that a machine was good. in 
theory but failed in practice ; this is a fatal error. If a 
machine has failed in practice it was because it was 
imperfect in theory, its incapacity to work demonstrates 
that the theory has a flaw. 

I have now tried to interest you a little in the Science of 
Agricultural practice. It is not a dry as dust Science—and 
above all it is a science that is thoroughly practical. 

If you study the arrangement on labourers in various 
descriptions of works you are a Scientific Agriculturist. 
If you can investigate and experiment in a rational and 
practical way, you are working scientifically. That little 
word Why shows the spirit of progress. As Mr. Pearson 
well 'writes " Science is not book learning, Science is not 
theory, it is a method of finding out." This Science of 
Agricultural Practice I trust will be fostered under this 
Royal Society as it has been under the English Royal, and. 
with that hope I claim for it some attention at your hands. 
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