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kcientiiic w o ~ k e ~ s  a wonderful field for incii- 
vidual advancement and, a t  the same time, 
outstanding opportunity for national service. 

AGRICULTURAIi RESEARCH EMBRACES N A X T  FIELDS 

Agriculture is not a single science but the 
application of many sciences to the agricu1tur;li 
problem. -4lmost every agricultural problein 
has a chemical and a biological phase. JIany 
of them involve problems in physics, physiology, 
bacteriology and genetics. The soil problems 
lead into geology, while iriigation and drainage 
have many relations with eugineering. The 
biological sciences have been split into many 
fields, such as plant pathology, entomology, 
parasitology, as well as applied subjects such as 
agronomy, animal husbandry, horticulture, for- 
estry and dairying. 

W H O  SHOULD UNDERT-4KE AGRICULTURAL 

EESEARCH? 

Those 1~110 l o x  natnre, who take a keen 
delight in plants and animals, who are inter- 
ested in life's varied manifestations, who loye 
the great outdoors and outdooy life should be 
especially interested In agricultural research. 
I n  a field as broad ar this there is of courbe 
every variety of occnpetion, but in a large 
majority of the cases those who engage 111 

solving the problems related to agricultural 
development keep closely in contact with th}. 
soil, the plant or the animal and a t  least a par1 
of their wo;.l< is of necessity in the open. Rc-
search in itaelf keeps the mind young and 
growing. Agricultural research aft'ords oppor- 
tunities that make for health, long life and the 
physical strength that is required for accom-
plishment. 

The field of agricultural research is so hroa(1 
that there is opportunity for every one who hab 
a trace of the research spirit. Some position 
can be found into which one's abilities and 
capabilities can be fitted. The student, Bo~r-er-e:., 
who desires to fit himself to reach the highe-t 
positions of responsibility, or to make the ma- 
joy contributions to the progress of science, 
must see to it that his educational foundation 
has been of the 1)rnatle-t and 1~1vit fundamen~al 
chaLacter. 3Iuch of the research in the past has 
been on superficial problems. The great prob- 
lems of the future ale in the solution of fun-
damentals-problems in most cases involving 

many of the sciences-and the broader one's 
foundation in these sciences the more likeli-
hood there is of unlocking nature's secret. 
Many a man has approached the threshold of 
a great discovery only to find himself baffled 
by his lack of training, while some other man 
with no greater ability bui with a broader 
knowledge of methods of related fields has 
found the key and unlocked the door of knowl- 
edge. 

T H E  QUALIFICSTIOXS FOR SUCCESS I N  RESEARCH 

A relatively small number of men and Tomen 
go to college. A still smaller number should be 
encouraged to take up research work. Just 
what the qualities are that make up research 
ability are hard to dehe .  No examination was 
ever devised that could detesnline. Brilliancy 
in student scholarship is no test. Darwin and 
Pasteur, t~i-o of the greatest research men of 
the last century, were indifferent students. I11 

other caqes, brilliant students have been bril- 
liant research men. Scientific research requires 
absolute honesty and integrity of purpose, No 
man should look foivard to a career in research 
~ ~ , h o  not fundamentally honest and con-is 
scientious. A spirit of public service, of re-
iponsibility for the advancement of the nation 
or the race, is a major asset, -4 desire to co- 
operate with your fellow.;, ability to organize 
~ n ddirect the actions of others, all contribute 
to snccess. The vital out5tal1ding factor that 
niakcs for success in research is vision, ability 
to look into the future, to keep an open mind, 
to hold all information as relative and subject 
to revision or new interpretation or even to 
he cliscarrled, if the necessity arises, and an 
rnti~elg new concept substituted. Tision car-
iec! to tlle exrrcme becomes visionary. Open-

rnindedness 111 the same may becomes skepti- 
cism, and yet progress in the research fleld is 
conditional upon these attributes of mind. If  
they be well balanced and coordinated and ac- 
companied by the other essentials there are 
almost no limits to the possibility of accom-
plishment. Without them there may be sub- 
stantial accomplishment-many contributions 
to the sum total of human knowledge-but the 
p e a t  discoveries will be for others. 

ADVAhTCED TRAINIKG 

With the increasing complexity of all the 
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sciences the research field is becoming more 
and more restricted to those who are especially 
trained for the work. I n  a complicated subject 
like agriculture this is especially true. The 
great advancements of the past have been 
made by those who h a ~ e  brought the best train- 
ing to the problem and it is hardly worth while 
for any one to look forward to that field in the 
future unless he is willing to undertake ade- 
quate training for this service. A statistical 
study of those who have contributed most to 
their respective sciences shows that over seventy 
per cent. of them have earned doctor's degrees. 
These men represent the education of a genera- 
tion ago when doctor's degrees were relatively 
rare as compared with the present time. I f  
this is true to-day, how much greater will the 
percentage be in the generation to follow! 

Three years of advanced training may a t  the 
first glance seem formidable. It is, however, 
relatively easy to obtain under existing aondi- 
tions. -4t least one year of graduate work 
should be taken immediately after graduation. 
During this year the student will become famil- 
iar with the research problem in his major 
field and have extended his breadth of vision in 
two or more related lines. The results of this 
year's work should lead to a final determination 
as to whether or not he is fitted to enter a 
research career. I f  he has been reasonably suc- 
cessful in his major subject it will now be pos- 
sible for him to obtain employment in the 
chosen field. That employment should be se-
lected with reference to opportunity offered, 
rather than salary. A research position in an 
experiment station or government laboratory, 
or an assistantship in a scientific department 
with part time teaching and an opportunity for 
research, will give opportunity to further try 
out capabilities and inclinations. Two or three 
years' work of this kind, making use of every 
opportunity for acquiring additional training 
and experience and in demonstrating capabil- 
ities along administrative or cooperative lines, 
are of more value in determining success than 
are generally realized. Following this, two 
more years of graduate training under the 
direction of one of the great leaders in his 
chosen field should complete the fundamental 
preparation for his life work. By making use 
of a scholarship, a fellowship or an assistant-

ship this can be accomplished with relatively 
small financial outlay. By this time the stu- 
dent will have learned that there is no end to 
study and development and that every oppor- 
tunity of obtaining greater breadth of training 
and especially of making contacts with leaders 
in the related sciences should be embraced. 

Despite the wonderful progress that has 
been made in the last generation, the oppor- 
tunity for still further discoveries is unlimited. 
Every time a problem is solved, three or four 
new ones are opened up and any worker enter- 
ing the field will find that there is a crying need 
for more knowledge on every hand. Who knows 
that we are using the best breeds of animals 
that can be developed? For the most part  we 
have been content to continue with those our 
ancestors used, in many cases ~ t h o u t  material 
improvement. It is possible that the intro-
duction of wild strains or the crossing of other 
domesticated species might easily give us the 
foundation for the development of still more 
economical producers than those me are using 
a t  present. 

I n  the nutrition field every new investigation, 
instead of solving our problems, simply opens 
up further avenues requiring research. The 
discovery of the existence of vitamins explains 
why previous nutritional investigations were 
not conclusire, but the investigation is still to 
be made that will explain the vitamin. 

The plow is one of the most ancient of agri- 
cultural implements. I t  is also one of the most 
modern. Recent investigations have shown that 
under certain conditions greater yields have 
beell obtained by omitting the plow. We need 
to know mope about the physics, the chemistry 
and the biology of plowing. The same is true 
of tillage in general. The crops of a generation 
ago have been largely superseded by more pro- 
ductive varieties. I s  there any reason to be- 
lieve that still more profitable forms can not 
be developed? 

Notable progress has been made in bud se-
lection in certain citrus fruits. This same 
process may be equally valuable over a much 
wider field of horticulture. The factors of pro- 
ductiveness and hardiness need much. careful 
investigation to determine their causes. The 



forestry situation is becoming aente. Our fath- 
ers destroyed the fo:est> to get rid of them. 
Our sons TI-ill have to derelop anew >vliat their 
ancestors de7troyecl. Reforestarion involves 
pl.ohlems m allnost every field of science. 

The present methods of control of insect 
pests hare been almost entirely the development 
of a single generation. The field is as  yet 
ha1dly touched. ,Ilniost e v e q  one of our major 
insect peqts needs further invesrigation. The 
chemists should combine v i th  the entomologist 
to study the attractiveness of different grass- 
hopper baits and when they have solved this 
problem they will h d  a n  almost unlimited 

3field in  the development of attractive sub-t ances 
t o  assist in  the des t r~~c t ion  of injurious insects. 
The control of plant diseaces needs the combi- 
nation of the chemist, the plant physiologist 
and the pathologist t o  work out the intricate 
problems of the lethal relations of host and 
p a r a d e .  TT-e have been working with a small 
nnmbei- of standard insecticides and fungi-
c ide~ .  TYho kno~rrs that modern chemical re-
search doe< not ofter a dozen inore etEcient 
compouncls than those in present use? 

This country has established a n  enviable rep- 
utation for  the succe3~ of it, erailication pro- 
grams. Contagious 1)len1~nl-l)ncn11111111:1,seven 
outbrealrs or' the foot-and-mouth disea-e and 
many small ontbreaks of gipsy moth hare been 
completely eradicated. The citrus cankey has 
been eradicated from the commercial citrus 
growing regions and is  rapidly being elimi-
nated from the remainder of the gulf region. 
The aweet potato weevil has been greatly re-
stricted in the commercial alseas. The Texas 
fever campaign is approaching completion. 
The progress of the pink boilworm, the bar- 
berry and the tnl~erculosis eradication program. 
is very promising. These have been made possi- 
ble by persistent research that has developed 
methods. Hog cholera, contagious abortion, 
the ox warble, the codling moth, the boll ~veevil 
and a host of other pests and diseases offer 
equally favorable opportunity f o r  great 
national eradication movements as  soon as  the 
research workers have perfected the methods 
that will make them possible. 

The discovery of the colloids ha3 opened up  
a new field of investigation into hundreds of 
agicnl tural  problems, few of which have as  

yet been touched. KO one can predict the ad- 
vance. possibl~ before this line is exhausted. 
OUYideas of the plants' sources of nltrogen 
are  b ~ i n g  ronstantlv moclifiecl. Here is oppor- 
tun:ty fol= exhaustlve research. The recent dc- 
velopments in our k n o ~ ~ i e d g e  of the relation of 
insects as transmitter3 of pIant diseases and 
especially the recent discoveries of organisms 
connected with the mosaics open u p  a wonder- 
f u l  field of resea~ch  in xrLlir.11 niany wientiflc 
groups must combine. The inflnence of meteor- 
ological factors on plant and animal develop- 
ment is an almost unworked field. The whole 
subject of the water requirements of plants, 
the movement of water in its relation to irri- 
gation and drainage, need much further study. 
Tile chemist, the physicist, the biologist and the 
engineer are all needed in the solution of these 
problems. 

The problems in p~oduct ion have beell the 
major field of agricultnral investigation in the 
past. TTTith the concentration and specializa- 
tion of populations the problems of marketing 
and distribution are becoming equally or evc:i 
moi-e important. The economist mn+t now join 
forces with the other scientists in the solutior~ 
of many of the most intricate problems. TO 
further itemize would be superfluous. ever^ 
~amlfication of the field of apicul ture 08~1s 
1%-onderful opportunity fo r  individual effort, is 

veil as opportunity for  contribution to national 
welfare and human development. 

SOT NECESSARY TO GRADUATIOX IT AGRICULTIXE 

From the above outline of the problems i t  is: 
:seadily seen that a comprehensive 17esearch into 
a complicated agric~lltural problem requires 
the services of men trained in many fields of 
research. The great contributions in  most of 
the applied scicnces, such as  agriculture, en-
gineering and medicine, have been made by 
those who have appi.oaohed the prob!eme 
through the pure science- anti this will prohablr 
be even more notireable in the future as  the 
superficial p ~ 0 ~ ~ l e t l l s  are solved and the funda- 
mentals are  undertaken. There is, therefore, 
no reason why a graduate who has majored in 
any  of the fundamental scicnces should not 
look forward to tt caleel. in  agricultural re-
search with every expectation that his chances 
of success will equal or exceed those who ap-  
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proach the problem from the standpoint of the 
more technical agricultural training. 

WHAT -4 RESEARCH CAREER OFFERB 

One of the first effects of the World War was 
to place the scientist and the teacher in an al- 
most hopeless financial condition. One of the 
secondary effects has, however, been to bring 
to the attention of the people of all civilized 
countries the value of science and especially 
of organized research as an important factor 
in the preservation of their national unity. The 
h a 1  result promises to be an increased oppor- 
tunity and recognition for the scientist in gen- 
eral and especially an appreciation of the in- 
creased necessity for continued research in the 
development of any industry. 

For the man just out of college or having 
completed a single year of graduate work, the 
gseatest opportunity will usually be in con-
nection with the educational institution or gov- 
ernment bureaus. A few years7 experience with 
its accompanying accomplishment and broad- 
ening of vision, combined with educational 
training, will place the individual in line for 
further arlvancement in these organizations or 
for opportunity to enter the commercial field. 
With the present trend in salary standards, 
the research scientist in agricultural lines may 
look forward to a relatively early opportunity 
to enjoy a salary that will support his family 
in reasonable comfort and still allow a margin 
for accumulation. As he advances in his pro- 
fession and gains a position of leadership the 
margin of possible accumulation mill increase 
rapidly. By this time his position will give 
him social standing and opportunity that others 
can only purchase by the expenditure of much 
larger sums of money. In  addition, with the 
growing recognition of the value of the work 
of scientific men, larger and larger fmancial 
rewards are being paid to the best men. 

E. D.BALL 
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laboratory science, there may be made out, 
perhaps less distinctly, the words, which, traced 
bp the Hand, foretold the fall of Babylon: 
"Thou art  weighed in the balance, and art  
found wantincr." " 

A writer on the medical art, rich in the 
moclern spirit, but not contemporary with US, 

has said2 "This is the great error of our day 
in the treatment of the human body, that physi- 
cians separate the soul from the body." 

The idea that the patient is a person who is 
sick, and that the healing ar t  is to make a sick 
person well, will dominate the medicine of to- 
morrow, whether the ar t  is applied in time to 
prevent, or only so late that cure is not possible. 

Just now the point of view of psychobiology 
is becoming recognized as the one from which 
the physician must regard his ~ a t i e n t . ~  How 
can the student of medicine get this point of 
view'? Best, by example, fsom his teachers who 
have it, who treat patients as persons in dis- 
tress, with dis-ease, seeking the physician for 
relief. But also, more formally, by a study of 
the personality as Meyer has ind i~a ted .~  

This point of view involves a reorganization 
of the medical curriculum. The logic of the 
present arrangement is clear. It is to study 
structure, then function, then defective or "dis- 
eased" structure and function; and finally, cases 
of disease, applying the already acquired 
knowledge of structure and function. 

The reorganized curriculum will have a dif-
ferent logic. The patient, a sick person, will 
be studied first and chiefly. On the hypothesis 
that function and structure are inter-related, 
the student will use prs-laboratory methods, 
and then will go to the laboratory to get help 
in solving problems which the patient presents. 
The student mill begin with the obvious, or 
more nearly obvious and go on to the less ob-
vious, or the hidden. He will learn first to 
use his own senses, then try instruments of 
greater or less precision. 

The course in olinical medicine will be the 
UKITEDSTATESDEPARTMENTOF AGRICULTURE major course for the four years. It will be 

the only major course, comprehending surgical 
THE ART OF MEDICINE therapeutics as well as the other forms of 

1% the dome of the magnificent stsuctwe 
of contempora1.y medical education, across the 2 Plato-Charmides, translated by Jos~et t .  

3Yerkes, R., "Relation of psychology t o  medi-
ceiling, are inscribed the aords, "Jlene, Xene, cine," SCIENCE,5'01. liii, No. 1362. 
Tekel, Uphaissin.'!l Below, in the alcoves of 4 Meyer, A. See Curriculum of School of Medi- 

1Daniel, v. 25. cine, Johns Hopkins University. 


