
evolving cognitive organization as char- 
acteristic of the life sciences of the late 
20th century. The implication is of 
course that the formation and execution 
of science policy, whether by legisla- 
tures, government agencies, review bod- 
ies of scientists, or charitable founda- 
tions, should take account of the way in 
which "problem domains" are created. 
The authors are writing, then, as aspiring 
professional commentators on both the 
sociology of knowledge and science pol- 
icy. One of the problems with their book 
is that they seem to be trying to address 
two peer groups at once. Almost cer- 
tainly any cancer researchers reading the 
book will find much of the epistemologi- 
cal discussion obscure and convoluted, 
which it need not have been. 

The book begins with an account of 
the history of research on cell transfor- 
mation in which three traditions are dis- 
cussed-viral, bacterial, and molecular. 
I found the sketching here too rapid and 
much of the information about molecular 
biology irrelevant. The second chapter 
describes the search, through data on the 
growth of specialist literatures, for an 
area of investigation where the idea of 
confluence could be tested. Eventually 
such an area was located in the work on 
reverse transcriptase from 1970. One 
cannot help feeling that the authors' dif- 
ficulty in finding such confluence casts 
some doubt on their model. At this point 
the program of interviews by means of 
which Studer and Chubin sought to 
check the generalizations taken from 
their quantitative data is introduced. 
Throughout the book the interview mate- 
rial is used in a helpful way, although it 
might have borne more interpretation 
and other, seemingly more suggestive 
material from the interviews goes 
unused. One footnote refers to a forth- 
coming commentary on this material, 
and it is to be hoped that this will soon 
appear. The third chapter is a discussion 
of the political debates over the structure 
and funding of cancer research in the 
United States, which covers ground al- 
ready worked over by Strickland in Sci- 
ence, Politics and Dread Disease, Rettig 
in The Cancer Crusade, and others. This 
section provides some useful back- 
ground information for those not familiar 
with the politics of cancer research, al- 
though it is generally undeveloped. 

The fourth chapter is an intellectual 
history of the work on reverse transcrip- 
tase, and for my taste it does not say 
enough about the technical and concep- 
tual aspects of the research. For a book 
that continually urges sociologists to 
consider the cognitive dimensions of sci- 

entific work, rather than scientists' be- 
havior and mere patterns of cocitation or 
coauthorship of articles, it tells us re- 
markably little about biological and bio- 
chemical concepts, theories, experi- 
ments, and methods. 

These four chapters then, each with a 
different approach, can be balanced 
against the remaining two and the appen- 
dixes, which are largely given over to 
statistical studies of the structure and dy- 
namics of research in the chosen prob- 
lem domain. Although my own methodo- 
logical sympathies would have lain with 
the earlier chapters, I found the quan- 
titative chapters more interesting. Prom 
a four-year survey of the biomedical lit- 
erature as represented in Index Medicus, 
Studer and Chubin extracted a set of 606 
articles that relate to reverse transcrip- 
tase. They discuss the patterns of au- 
thorship and citation within them, de- 
scribing, for example, how scientists 
seem to fit work on a new problem into 
their developing research careers, how 
some assemble large teams that seize up- 
on new ideas and publish very rapidly. 
They suggest that researchers even in 
this mode of activity keep up their links 
with other areas of research and may 
redirect their interests should it make 
sense to do so. The suggestion is, then, 
that scientists' behavior and research 
strategies can be recovered from detailed 
analysis of the structure of publications 
around events of major technical or theo- 
retical significance. 

In chapter 6 Studer and Chubin take 
the discussion of cocitation a stage fur- 
ther and select a subset of highly co- 
cited articles, which they call the cosmo- 
politan network. By treating this net- 
work in matrix terms-that is, by setting 
out in a two-dimensional array the num- 
ber of times articles are cocited-one 
can produce quantitative representations 
of the clustering of the related articles. 
This technique, which they call "eigen- 
structure" research, is described in ap- 
pendix C. It allowed them to identify 
seven clusters of articles, of which they 
discuss four in detail to display the rela- 
tions of the work to other areas of re- 
search. The interpretation these authors 
give of these relations is that they display 
the coming together of technical, theo- 
retical, and methodological concerns 
from disparate fields of endeavor. The 
postulation of this kind of relatedness in 
the life sciences leads them to stress that 
research proceeds through confluence 
rather than through crises and discontin- 
uities. Their case is certainly persuasive 
in this instance, and it adds up to an im- 
pressive demonstration of what one can 

do with citation studies if the inter- 
pretation is not pushed too far. What one 
is not told is whether the same con- 
clusion might have been reached by 
reading all the articles in the cosmopoli- 
tan network and interviewing the scien- 
tists concerned. 

In conclusion, although the argument 
and evidence seem thin in places and 
many of the issues raised are not ade- 
quately related to one another, the book 
represents a useful effort to combine a 
number of different approaches to a com- 
plex problem. I found it stimulating to 
read. 

EDWARD J.  YOXEN 
Department of Liberal Studies in 
Science, University of Manchester, 
Manchester M13 9PL, England 

Nitrogen Processes 

Nitrogen Fixation. Papers from a symposium, 
Madison, Wis., June 1978. WILLIAM E. NEW- 
TON and WILLIAM H. ORME-JOHNSON, Eds. 
University Park Press, Baltimore, 1980. In 
two volumes. Vol. 1, Free-Living Systems 
and Chemical Models. xiv, 394 pp., illus. Vol. 
2, Symbiotic Associations and Cyanobacte- 
ria. xiv, 326 pp., illus. $39.50 each. 

About 1.6 percent of world energy is 
being used to synthesize fertilizer. This 
has prompted biologists and agricul- 
turists in recent years to devote increas- 
ing effort and talent to understanding, 
enhancing, and modifying biological ni- 
trogen fixation, and their considerable 
success is summarized in these two vol- 
umes containing the proceedings of the 
seventh Harry F. Steenbock Symposium 
(the third Kettering Symposium). The 
volumes contain 42 contributions that 
consider seemingly all aspects of nitro- 
gen fixation and several closely allied 
subjects. Together they provide the 
reader with an excellent overview of the 
state (as it existed two years ago) of this 
diverse, fast-moving field. The diversity 
of the coverage is illustrated by the ma- 
jor subdivisions: Global Nitrogen and 
Carbon Economy, Genetics and Physiol- 
ogy (of free-living bacteria), Nitrogenase 

. and Cofactors, Chemical Models (of ni- 
trogenase), Leguminous Associations, 
Nonleguminous Associations, and Cy- 
anobacteria and their Associations. 

It is generally assumed (admittedly 
with very few supporting data) that the 
global nitrogen cycle is balanced-that 
the quantity of nitrogen fixed is matched 
by the amount released to the atmo- 
sphere through denitrification and that 
almost all denitrification is biological, 
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mediated exclusively by  prokaryotes.  It 
is estimated that  between 15 and  50 per- 
cent  of nitrogen fertilizer is  lost  through 
denitrification before it becomes avail- 
able to the  plant. In a chapter that  sum- 
marizes o u r  present  state of knowledge 
of this somewhat  neglected process,  W. 
J. Payne et al. point out,  "Nitrogen fixa- 
tion and incorporation into metabolism 
assure that  t he  biological world s tays  
ahead of  nitrogen deficiency, b u t  denitri- 
fication jus t  as certainly assures that  t he  
margin is always slim." 

Two chapters  (by G. A. Peters et al. 
and S. N. Talley a n d  D. W. Rains) dis- 
cuss the  physiology and  agricultural u ses  
of  the N2-fixing symbiotic association be- 
tween a water fern ,  Azolla, and  its cy- 
anobacterial symbiont,  Anabaena . This  
association (Azolla pinnata-Anabaena) 
has  been domesticated for several cen- 
turies in Vietnam, where  it is  n o w  grown 
as a fertilizer c rop  o n  over  40,000 hec- 
tares of fallow rice fields, providing suf- 
ficient nitrogen to produce 5 metric tons  
of  grain per hectare.  More  recently 
(within the  last three decades) cultiva- 
tion ofAzolla has been  adopted in China,  
where Azolla now serves as t h e  principal 
source of nitrogen for  approximately 
1,300,000 hectares of  subtropical a n d  
temperate rice. Recent  studies in Califor- 
nia have shown that the  Azolla mexi- 
cana-Anabaena azollae association ex- 
cretes ammonia  during growth. This  
source of  nitrogen along with tha t  con- 
tained in the biomass of t he  association 
seems to offer considerable promise for  
achieving the long hoped-for goal of sup- 
plying mos t  of  t h e  requirements of a ma-  
jor cereal crop f rom biologically fixed ni- 
trogen. 

Advances in o u r  understanding of t h e  
genetics and biochemistry of  nitrogen 
fixation in the pas t  several years  have  
been remarkable,  and  the complexity of 
the system has  been  a surprise. A t  least  
13 contiguous genes  (nif genes) govern 
the  process of nitrogen fixation b y  t h e  
free-living bacterium Klebsiella pneu- 
moniae. These genes  are transcribed in 
at least six distinct units. Modern tech- 
niques of  microbial genetics-cloning, 
transposon mutagenesis,  and deletion 
mutagenesis b y  induction of m u  phage- 
have been effectively exploited in these  
studies. 

Nitrogen Fixation is an important 
book for  those engaged in research o n  
this or related t o ~ i c s  and for  those  w h o  
wan t  to be u p  to da te  o n  this rapidly ad- 
vancing field. 

JOHN L. INGRAHAM 
Department of Bacteriology, 
University of California, Davis 95616 
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