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Present-day Problems in Crop Production.1 

By Sir E. JOHN RussELL, F.R.S. 

COMPLEXITY OF THE PROBLEM. 

THE agricultural investigator is confronted with 
!hree closely interlocking agencies-the plant, 

the climate, and the soil-each of which is variable 
within certain limits, and each playing a large part in 
the crop production which it is his business to study. 

Confronted with a problem of this decrree of com­
ple~ty there are two methods of pro~edure : the 
empmc:il m~thod of. field observations and experi­
ments, m which there JS no pretence of great refinement 
and no expectation that the same result will ever be 
obtained twice, it being sufficient if over an average 
of numerous trials a result is obtained more often than 
would be expected from the laws of chance · and the 
scientific method, in which the factors are' carefully 
analyse~ ~nd their effects studied quantitatively ; a 
synthesis JS then attempted, and efforts are made to 
reconstruct the whole chain of processes and results. 
The scientific method is, of course, the one to which 
we are naturally attracted. But common truthfulness 
compels one to admit that up to the present the greatest 
advances in the actual production of crops have been 
effected by the empirical method, and not infrequently 
by men who are really artists rather than men of 
science, in that they are guided by some intuitive pro­
c~s~ which they cannot explain, and that they have the 
v1~10n_ of the result before they obtain it, which the 
sc1ent1fic man commonly has not. 

The best hope for the future lies in the combination 
of the empirical and the scientific methods. This is 
ste~dily bei?g ac~omplished by the recent strong in­
fusion of science mto the art of field experimentation 
which has much enhanced the value of the field work and 
the trustworthiness of its results. Modern methods of 
replication, such as have been worked out at Rotham­
sted, and in the United States by Harris of the Carnegie 
Trust (Cold Spring Harbor), Kiesselbach in Nebraska, 
Myers and Love of Cornell, and others, constitute a 
marked improvement in plot technique. The figures 
themselves, besides being more accurate, can be made 
to yield more information than was formerly the case. 

Great advances have been made in the methods of 
analysing the results. The figures are never the same 
in any two seasons, since the climatic conditions pro­
fo_undly affect the yields. A few men, like J. H. 
~1lbert, ~ave the faculty of extracting a great deal of 
mformatJon from a vast table of fio-ures but in the 
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mam even the tramed sc1ent1fic worker can make very 
little of them. The reason is that he has been brought 
up _to deal with cases where only one factor is varying, 
while the growth of plants involves the interaction of 
three variable factors : the plant, the soil and the 
climate. It is impossible to apply in the' field the 
ordinary methods of the scientific investigator where 
single factors alone are studied ; very different methods 
are needed, adapted to the case where several factors 
vary simultaneously. 
. Fortunately for agricultural science,statisticians have 
m recent years worked out methods of this kind, and 

1 From the presidential address delivered to Section M (Agriculture) of 
the British Association, Toronto, August II . 
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these are being modified and developed by R. A. Fisher 
and Miss Mackenzie for application to the Rothamsted 
field data. It so happens that this material is very 
suitable for the purpose, since a large number of the 
field experiments have been repeated every year for 
seventy or eighty years on the same crop and on the 
same piece of land, using the same methods; the 
field worke~s also remain the same for many years, the 
changes bemg rare and without break in continuity. 
Although the statistical investigation is only recently 
begun, mathematical expression has already been given 
to the relationship between rainfall and yield of wheat 
and barley under different fertiliser treatments and 
precision has been given to some of the ideas that have 
hitherto been only general impressions. If on an 
average of years a farmer is liable to a certain distribu­
tion of rainfall, it is becoming possible to advise as to 
fertiliser treatment which enables the plant to make 
the best of this rainfall. 

ALTERATIONS IN THE PLANT. 

It is a commonplace among farmers that certain 
soil ~onditions influence not only the yield but also the 
quality of crops. The leaf and root are more easily 
~ffect~d than the seed. The case of mangolds has been 
mvestiga_ted at Rothamsted ; the sugar content of the 
root, an important factor in determining feeding value, 
was increased by increasing the supply of potassium to 
!he crop .. Midd_leton at Cockle Park showed that grass 
mcreasedm feedmgvalue-quite apart from any increase 
in quantity-when treated with phosphates. Potatoes 
are considerably influenced by manuring ; increasing 
the supply of potassium influences the composition of 
the tubers and also that much more impalpable quality 
-t?e cook's estimate of the value of the potato; 
while w_e h~v~ found at Rothamsted that a high-class 
cook d1scnmmated between potatoes fertilised with 
sulphate of potash and those fertilised with muriate of 
potash, giving preference to the former. 

. Grain is more difficult to alter by changes in en­
vironmental conditions; indeed, it appears that the 
plant tends to produce seed of substantially the same 
composition whatever its treatment- with the im­
portant exception of variation in moisture supply. Mr. 
Shutt has explored the possibilities of altering the 
char~c.ter of the wheat grain by varying the soil 
cond1t10ns, and finds that increases in soil moisture 
decrease the nitrogen in the grain. Similar results 
have been obtained in the United States. 

On the other hand, in England the reverse seems to 
hold, at any rate for barley. This crop is being fully 
investigated at the present time under the research 
~cheme of !he Institute of Brewing, because of its 
importance m the preparation of what is still Britain's 
national beverage. Increased moisture supply in­
creases th~ percentage of nitrogen in the grain, and so 
also does mcreased nitrogen supply, though to a much 
less extent; on the other hand, both potassic and 
p~osphatic fertilisers may decrease the percentage of 
mtrogen, though they do not always do so; the laws 
regulating their action are unknown to us. 
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The practical importance of these problems of 
regulating the composition of the plant lies in the fact 
that the farmer can control his fertiliser supply, and 
also to some extent his moisture supply, so that it lies 
within his power to effect some change should he wish 
to do so. 

In agricultural science one sometimes thinks only of 
the crop and the factors that affect its growth. But 
in agricultural practice there is often another partner in 
the concern : a pest or parasite causing disease. The 
amount of damage done by pests and diseases to 
agricultural crops is astounding ; in Britain it is 
probably at least 10 per cent. of the total value of the 
crops and the loss is probably some 12 , 000, 000/. sterling 
per annum; in some countries it is considerably more. 
Indeed, the number of insect pests and of harmful 
fungi and bacteria that skilled entomologists and 
mycologists have found in our fields might almost 
lead us to despair of ever raising a single crop, but 
fortunately the young plant, like the human child, 
grows up in spite of the vast number of possible deaths. 
The saving fact seems to be that the pest does harm 
only when three sets of conditions happen to occur 
together : the pest must be present in the attacking 
state; the plant must be in a sufficiently receptive 
state ; and the conditions must be favourable to the 
development of the pest. It is because this favourable 
conjunction of conditions comes but rarely that crops 
manage to survive ; and this gives us the key to 
control if only we knew how to use it. Complete 
control of any of these three conditions would end all 
plant diseases. Unfortunately, control is never com­
plete even in glasshouse culture, still less out of doors. 
But even partial control would be very helpful. All 
these pests go through life cycles, which are being 
studied in great detail all over the world, and especially 
in the United States. Somewhere there occurs a stage 
which is weaker or more easily controlled than others, 
and the pest would become harmless if the chain could 
be broken here or if the cycle could be sufficiently 
retarded to give the plant a chance of passing the 
susceptible stage before it is attacked. 

The plants themselves, as we have just seen, are in 
some degree under control, and if they could be pushed 
through the susceptible stages before the pest was 
ready, they would escape attack. Barley in England 
is sometimes considerably injured by the gout fly 
(Chlorops tamiopus). The larvre emerge in spring from 
the eggs laid on the leaves and invariably crawl 
downwards, entering the young ear if, as usually 
happens, it still remains ensheathed in leaves. J. G. H. 
Frew, at Rothamsted, has shown that early sowing and 
suitable manuring cause the ear to grow quickly above 
the track of the larvre, and thus to escape injury. 
E. A. Andrews, in India, has found that tea bushes 
well supplied with potassic fertiliser escape attack from 
the mosquito bug (Helopeltis) for the rest of the season, 
apparently because bushes so treated become unsuit­
able as food to the pest. Further, the conditions 
are alterable. H. H. King, in the Sudan, has effected 
some degree of control of the cotton thrips (Heliothrips 
indicus) by giving the plant protection against the 
drying north wind and so maintaining a rather more 
humid atmosphere-a condition in which the plant 
flouri shes more than the pest. Tomatoes in England 

NO. 2864, VOL. l 14] 

suffered greatly from Verticillium wilt until it was found 
that a small alteration of temperature threw the attack 
out of joint. They are also much affected by stripe 
-disease (B. lathyri), but they become more resistant 
when the supply of potash is increased relative to the 
nitrogen. It has recently been maintained, though the 
proof is not yet sufficient, that an altered method of 
cultivating wheat in England will afford a good pro­
tection against bunt. These cultural methods of 
dealing with plant diseases and pests offer great possi­
bilities, and a close study jointly by plant physiologists 
and pathologists of the responses of the plant to its 
surroundings, and the relationships between the physio­
logical conditions of the plant and the attacks of its 
various parasites, would undoubtedly yield results of 
great value for the control of plant diseases. Again, 
however, the plant breeder can save a world of trouble 
by producing a variety resistant to the disease ; or 
there . may fortunately be found · an immune plant 
from which stocks can be had, as in the case of the 
potatoes found by Mr. Gough to be immune to the 
terrible wart disease. 

CONTROL OF ENVIRONMENTAL FACTORS. 

It thus appears that, if only plant breeders and plant 
physiologists could learn to alter existing plants or to 
build up new plants in such a way that they should be 
well adapted to existing soil and climate conditions, 
and not adapted to receive disease organisms at the 
time the organisms are ready to come-if only they 
could do this, all agricultural land would become fertile 
and plant diseases and pests would become ineffective : 
at any rate until the pests adapted themselves to the 
new plants. Although no one can set limits to the 
possibilities of plant breeding and plant physiology, we 
cannot assume that we are anywhere near this desirable 
achievement or that we are likely to be in our time. 

There will always remain the necessity for altering 
the environmental conditions to bring them closer to 
the optimum conditions for the growth of the plant. 
No attempt is yet made in the field to control two of 
the most important of the factors : the light and the 
temperature, though it is being tried experimentally. 
There is a great field for future workers here; at present 
plants utilise only a fraction of the radiant energy they 
receive. At Rothamsted attempts have been made by 
F. G. Gregory to measure this fraction ; the difficulties 
are considerable, but the evidence shows that our most 
efficient plants lag far behind our worst motor-cars 
when regarded as. energy transformers for human 
purposes. One hundred years ago the efficiency of an 
engine as a transformer of energy was about 2 per cent. ; 
now., as a result of scientific developments, it is more 
than 30 per cent. To-day the efficiency of the best 
field crops in England as transformers of the sun's 
energy is about 1 per cent. : 2 can we hope for a similar 
development in the next hundred years ? If such an 
increase could be obtained an ordinary crop of wheat 
would be about 400 bushels per acre, and farmers 
would feel sorry for themselves if they obtained only 
200 bushels. But we are only at the beginning of the 
subject. Increases in plant growth amounting to some 

The remaining energy being largely used up in transpiration. This 
figure refers to the total radiation received by the leaf, and not to the fraction 
received by the chloroplast surface. For this latter the value is much 
higher. 
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zo or 25 per cent. have been obtained by V. H. 
Blackman in England under the influence of the high­
tension electric discharge, which presumably acts by 
increasing in some way the efficiency of the plant as 
an energy transformer. Possibly other ways could be 
found . It needs only a small change in efficiency to 
produce a large increase in yield . Much could be 
learned from a study of the mass of data which could 
be accumulated if agricultural investigators would 
express their results in energy uni ts as well as in crop 
yields as at present. 

Interesting results may be expected from the 
attempts now being made in glasshouse culture both 
in Germany and at Cheshunt to increase the rate of 
plant growth by increasing the concentration of the 
carbon dioxide in the atmosphere. 

CONTROL OF THE SOIL FACTORS. 

The soil factors lend themselves more readily to 
control and much has been already achieved. Water 
supply was one of the first to be dealt with. Civilisa­
tion arose in the dry regions of the earth, and so far 
back as 5000 years ago, irrigation was so advanced as 
a practical method that it came into the ordinances 
drawn up by the great Babylonian king Hammurabi. 
The chief problems at the present time are to ·discover 
effective means of economising water and to ascertain , 
and if possible control, the relationships between the 
soil, the water, and the dissolved substances in the 
water. 

Inseparably bound up with water supply are the 
questions of cultivation and of drainage, which affect 
not only the water but the air supply to the roots. 
The former subject is now attracting considerable 
attention : the great need is to discover means for 
expressing cultivation in exact physical and engineering 
units. The measurements of Keen and Haines at 
Rothamsted, and the chemical work of A. F . Joseph, 
N. Comber, and others on clay, and of Oden, Page, and 
others on humus, indicate the possibility of find­
ing exact expressions and of effecting co-operation 
wit~ th~ workers in the new fields of agricultural 
engmeenng. 

Another soil factor which readily lends itself to some 
degree of control is the amount of plant nutrients 
present. The possibility of increasing this by means 
of manure has been so frequentl y explored in field trials 
that it has sometimes been regarded as almost a com­
pleted story; indeed, Rothamsted tradition affirms 
that Lawes himself once gave orders to have the 
Broadbalk field experiments discontinued because they 
had nothing further to tell ; it was only the earnest 
persuasion of Gilbert that caused him to countermand 
the order. So far from the subject being exhausted, 
it still bristles with problems. The new nitrogenous 
fertilisers, resulting from War-time activities in nitrogen 
fixation; the need for reducing the cost of super­
phosphate ; the change in character of basic slag ; and 
the Alsatian development in potash production, are 
producing changes in the fertili ser industry the full 
effects of which are not easy to foresee. Economic 
pressure is driving the farmer to derive the maximum 
benefit from his expenditure on fertilisers, lime, farm­
yard manure, and other ameliorating agents, and is 
compelling a more careful study of possibilities hitherto 
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disregarded, such as the use of magnesium salts, 
silicates, and sulphur as fertilisers, and, above all, a 
much more precise diagnosis of soil deficiencies than 
was thought necessary in pre-War days. 

There are, however, more fundamental problems 
awaiting solution. It is by no means certain that we 
know even yet all the plant nutrients . The list compiled 
by Sachs many years ago includes all needed in relatively 
large amounts, but Gabriel Bertrand has shown that it 
is not complete and that certain substances-he studied 
especially manganese-are essential, although only in 
very small amounts . Miss Katherine Warington, 
working with Dr. Brenchley at Rothamsted, has shown 
that leguminous plants fail to develop in the so-called 
complete culture solution unless a trace of boric acid is 
added. Maze has indicated other elements needed in 
small amounts. 

Another problem needing elucidation is the relation­
ship between the quantity of nutrients supplied and 
the amount of dry matter produced. Is dry matter 
production simply proportional to nutrient supply, as 
Liebig argued, with the tailing off beyond a certain 
point, as demonstrated by Lawes and Gilbert, or is it 
always less than this, as indicated by Mitscherlich's 
logarithmic curve ; or is the relationship expressed by 
one of the more complex sigmoid curves as there is 
some reason to suppose ? W~ do not know; and the 
problem is by no means simple, yet it governs the 
" diminishing returns " about which farmers now hear 
so much. 

Again, very little is known of the relationship 
between nutrition and the period of growth of a plant. 
One and the same quantity of a· nitrogenous fertiliser, 
for example, may have very different effects on the plant 
according as it is given early or late in life ; not only 
is there a difference in quantity of growth, but also in 
the character of the growth. Late dressings cause the 
characteristic dark-green colour to appear late in the 
season , and thus affect the liability to fungoid diseases; 
they increase the percentage of nitrogen in the grain 
and they may give larger increases of crop than early 
dressings . 

Investigations are needed to find the best methods 
of increasing the supply of organic matter in the 
soil and its value for the different crops in the 
rotation. 

All these problems will sooner or later find some 
solution . But there remains a greater problem of more 
importance than any of them : the linking-up of plant 
nutrition studies with · those of the soil solution. As 
our cousins in the United States were the first to 
emphasise, the fundamental agent in the nutrition of 
the plant is the soil solution, and they have made a 
remarkable series of investigations into what appeared 
at one time a hopeless proposition-the physico­
chemical interactions between the soil and the soil 
water. A great advance in .crop production may be 
expected when the soil chemists have discovered the 
laws governing the soil solution, when the plant 
physiologists can give definite expression to the plant's 
response to nutrients, and when some one is able to 
put these results together and show how to alter the 
soil solution so that it may produce the maximum 
effect on the plant at the particular time. The new 
soil chemistry will yet have its triumphs. 
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THE SOIL .MICRO-ORGANISMS. 

It is now more than forty years since the discovery of 
the great importance of micro-organisms in determining 
soil fertility. Practical applications necessarily lag 
far behind; but already three have been made each 
of which opens out great possibilities for the future. 
The long-standing problem of inoculation of leguminous 
crops with their appropriate organisms has already been 
solved in one or two of its simple cases, chiefly lucerne 
on new land, and the new process has helped in the 
remarkable extension of the lucerne crop in the United 
States and in Denmark. We believe at Rothamsted 
that the more difficult English problem is now solved 
also. Interesting possibilities are opened up by the 
observation that a preliminary crop of Bokhara clover 
seems to facilitate the growth of the lucerne. 

The organisms effecting decomposition are now 
coming under control, and are being made to convert 
straw into farmyard manure (or a material very much 
like it) without the use of a single farm animal. The 
process was worked out at Rothamsted, and is being 
developed by the Adco Syndicate, which is now operat­
ing it on a large scale and is already converting some 
thousands of tons of straw annually into good manure. 

The third direction in which control of the soil 
organisms is being attempted is by partial sterilisation. 
This process is much used in the glasshouse industry 
in England, and it has led to considerable increases in 
crop yields. The older method was to use heat as the 
partial sterilising agent, and this still remains the most 
effective, but owing to its costliness, efforts have been 
made to replace it by chemicals. Considerable success 
has been attained; we have now found a number of 
substances which seem promising. Some of these are 
by-products of coal industries ; others, such as chlor­
and nitro-derivatives of benzene or cresol, are producible 
as crude intermediates in the dye industry. 

THE NEED FOR FULLER Co-OPERATION. 

Looking back over the list of problems it will be seen 
that they are all too complex to be completely solved 
by any single worker. Problems of crop production 
need the co-operation of agriculturists, plant physio­
logists, soil investigators, and statisticians. Even 
plant breeding necessitates the help of a physiologist 
who can specify just what the breeder should aim at 
producing. This gives the key-note to the period 
of agricultural science on which we have now entered 
-it is becoming more and more a period of co-operation 
between men viewing the problem from different points 
of view. Good individual work will of course always 
continue to be done, but the future will undoubtedly 
see a great expansion of team work such as we know 
from our experience at Rothamsted is capable of 
giving admirable results in agricultural science. 

With fuller co-operation both of men and of institu­
tions we could do much to overcome the present diffi­
culty in regard to utilising the information we already 
possess. In the last thirty years an immense stock of 
knowledge has been obtained as to soils and crops. 
It is stored in great numbers of volumes which line the 
shelves of our libraries, and there much of it rests 
undisturbed in dignified oblivion. In the main it 
consists of single threads followed out more or less 
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carefully ; only rarely does some more gifted worker 
show something of the great pattern which the threads 
compose. But even the most gifted can see but little 
of the design ; the best hope of seeing more is to induce 
people to work in groups of two or three, each trained 
in a different school and therefore looking at the prob­
lem from a different point; each seeing something 
hidden from the rest. Unlike art, science lends itself 
to this kind of team work ; art is purely an individual 
interpretation of Nature while science aims at a faithful 
description of Nature, all humanistic interpretation 
being eliminated. There is certainly sufficient good 
will among the leaders of agricultural science to justify 
the hope of co-operation; there are probably in existence 
foundations which would furnish the financial aid. 

This leads to my last point. What is the purpose of it 
all? Team work, co-operation, the great expenditure 
of time and money now being incurred in agricultural 
science and experiment-these are justified only if the 
end is worthy of the effort. The nineteenth century 
took the view that agricultural science was justified only 
in so far as it was useful. That view we now believe 
to be too narrow. The practical purpose is of course 
essential ; the station must help the farmer in his 
daily difficulties-which again necessitates co-opera­
tion, this time between the practical grower and 
the scientific worker. But history has shown that 
institutions and investigators that tie themselves down 
to purely practical problems do not get very far;. all 
experience proves that the safest way of making 
advances, even for purely practical purposes, is to 
leave the investigator unfettered. Our declared aim 
at Rothamsted is " to discover the principles under­
lying the great facts of agriculture and to put the 
knowledge thus gained into a form in which it can be 
used by teachers, experts, and farmers for the upraising 
of country life and the improvement of the standard of 
farming." 

This wider purpose gives the investigator full latitude, 
and it justifies an investigation whether the results will 
be immediately useful or not-so long as they are 
trustworthy. For the upraising of country life 
necessitates a higher standard of education for the 
countryman ; and education based on the wonderful 
book of Nature which lies open for all to read if they 
but could. How many farmers know anything about 
the remarkable structure of the soil they till, of its 
fascinating history, of the teeming population of 
living organisms that dwell in its dark recesses ; of the 
wonderful wheel of life in which the plant takes up 
simple substances and in some mysterious way fashions 
them into foods for men and animals and packs them 
with energy drawn out of the sunlight-energy which 
enables us to move and work, to drive engines, motor­
cars, and all the other complex agencies of modern 
civilisation? No one knows much of these things; 
but if we knew more, and could tell it as it deserves to 
be told, we should have a story that would make the 
wildest romance of human imagination seem dull by 
comparison and would dispel for ever the illusion that 
the country is a dull place to hve m. Agricultural 
science must be judged not only by its material 
achievements, but also by its success in revealing to 
the countryman something of the wonder and the 
mystery of the great open spaces in which he dwells. 
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