
The Occurrence of Planets 

I wish to point out several errors 
andt an inconsistency in Harrison 
Brown's report, "Planetary systems as- 
sociated with main-sequence stars" (1). 
He begins by extrapolating the Sal- 
peter luminosity function, which is 
nearly linear over an interval of 12 
magnitudes, down to planetary masses. 
He then assumes that stars and planets 
are formed independently in groups of 
random size distribution. He concludes 
that great numbers of planets should 
exist, both as companions of stars and 
in invisible clusters of planetary ob- 
jects. There is considerable evidence, 
however, that his basic assumptions are 
unjustified. 

Brown's assumption that the Salpe- 
ter-van Rhijn luminosity function can 
be extrapolated down to low masses 
is extremely weak. The determination 
of the "observed" luminosity function 
is itself very difficult and uncertain 
because of the incompleteness and ob- 
servational bias in the discovery of 
nearby stars. Recently, Wanner (2) has 
made a new determination of the 
luminosity function, using new and 
greatly extended observational data and 
an improved statistical technique. His 
luminosity function is practically con- 
stant from M,I = +6 to +16; in fact 
it peaks at M, =- +9. If Brown had 
used Wanner's luminosity function in- 
stead of the Salpeter-van Rhijn func- 
tion, he would have predicted only half 
a planet (in the range of mass from 
Jupiter to one "Mars-equivalent") per 
star. 

However, regardless of what lumi- 
nosity function is adopted, the assump- 
tion that it represents a uniform mass- 
distribution function that can be linear- 
ly extrapolated over several orders of 
magnitude is certainly unsound. For 
the general luminosity function repre- 
sents a mixture of stellar populations, 
with different ages, chemical composi- 
tions, and places of origin; and the 
proportions of the mixture vary with 
luminosity. 

Even if the luminosity function 
itself were uniform and linear, the 
nonlinearity of the mass-luminosity re- 
lation would make the derived mass- 
frequency function nonlinear. Brown 
tacitly admits this by restricting his 
mass-frequency function to stars faint- 
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the Salpeter function and evolutionary 
effects. This reduces the observational 
basis of his linear extrapolation to a 
range of only 3 magnitudes, or less 
than a factor of 4 in mass. To use 
such a short baseline to extrapolate 
over a factor of 1000 toward smaller 
masses-particularly when an extrapo- 
lation by even a factor of 10 in the 
other direction is clearly wrong-seems 
pointless. 

Brown also assumes that stars and 
planets are formed "in discrete regions 
of space separated from each other by 
interstellar distances, and that within 
each region a cluster is formed con- 
taining an average of n bodies." He 
identifies each cluster as a multiple sys- 
tem in which typically only one or 
two objects are stellar. But the most 
convincing examples of recent star for- 
mation-the 0-associations-indicate 
that such systems are formed much 
closer together than typical interstellar 
distances; for example, in the Trape- 
zium cluster the star density is about 
1000 times greater than that in the 
general field. When they were formed, 
these stars must have been even more 
crowded than at present, and interac- 
tions may have been important in de- 
termining the distribution of masses 
within each multiple-star system. 

In fact, the assumption that the mass- 
distribution function in multiple sys- 
tems is the same as that for single 
stars is contradicted by observational 
evidence. Blaauw (3) has reported that 
"For systems with primaries of a given 
mass . . . the frequency of the mass 
ratios between secondary and primary 
increases with decreasing value of this 
ratio, but not nearly as strongly as one 
would expect if the secondary masses 
were distributed according to the Ini- 
tial Luminosity Function." In other 
words, companions of low mass are 
much less common than would be ex- 
pected from Brown's assumption of 
randomness. 

To sum up, Brown's argument seems 
too weak to support an expectation of 
either an abundance or a scarcity of 
planets in the universe. 

ANDREW T. YOUNG 

Harvard College Observatory, 
Cambridge, Massachusetts 
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Cytokinins 

In 1955 we proposed the term kinin 
as a generic name for synthetic and 
naturally occurring substances that ex- 
hibit the same types of biological ac- 
tivity as does kinetin (6-furfurylamino- 
purine). We soon recognized the priori- 
ty in the use of this term for a group 
of materials of animal origin and with 
physiological properties quite different 
from those of kinetin. However, we 
did not at that time expect serious con- 
flict in the unfortunate duplicate usages 
of the term. 

Recently it has become increasingly 
clear that much confusion and incon- 
venience may arise in indexes and the 
like, and therefore various names have 
been used to designate kinetin-like ma- 
terials. On the urging of colleagues 
and on the basis of the expressed pref- 
erence of several investigators for it, 
we now propose cytokinins as a generic 
term to replace kinins for designating 
all substances with kinetin-like biologi- 
cal activity. This term is based on 
the activity of these chemicals in pro- 
moting cytokinesis in cells of various 
plant origins and possibly also in some 
cells of animal origin. It is recognized 
that the activity of these chemicals may 
be expressed also in other ways, as in 
altered metabolic rates, enzyme activi- 
ties, or nucleic acid contents, in cell 
enlargement, in induction of organ for- 
mation, in release of apical dominance, 
in mobilization of organic and inor- 
ganic nutrients, and in increased longev- 
ity of tissues and organs. 

The term cytokinins will include 
kinetin (as a specific chemical) and 
6- (y,y-dimethylallylamino) -purine, 6- 
benzyladenines, and other active syn- 
thetic purine derivatives, as well as 
Zeatin [6-(y-methyl-y-hydroxymethylal- 
lylamino)-purine], the active substance 
from corn endosperm, and active nat- 
ural products of as yet unknown com- 
position. Substances such as triacan- 
thine [3-(y,y-dimethylallyl)-adenine], de- 
oxyadenosine, or 1-substituted adenines, 
which acquire kinetin-like growth-pro- 
moting activity only as a consequence 
of chemical change, may act as pre- 
cursors but are not considered to be 
bonafide cytokinins. 

At present rigid proof of cytokinin 
activity is limited entirely to 6-substi- 
tuted purine derivatives. Other types of 
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of plant tissue cultures either do not 
qualify or have not yet been adequate- 
ly tested to be classified as cytokinins. 

The term cytokinins, therefore, is 
intended to correspond to the term 
auxins, which likewise includes a chem- 
ically heterogeneous group of natural 
and synthetic substances with biologi- 
cal activity like that of 3-indoleacetic 
acid, and to the term gibberellins, 
which refers to still another group of 
chemically related substances with dis- 
tinctive physiological properties. 

As the term cytokinin was selected 
after much consultation and delibera- 
tion, we hope it will be favorably re- 
ceived by all workers. To avoid fur- 
ther confusion with animal physiology 
and within our own field, we urge that 
it be adopted, and that the use of the 
term kinin and various other synonyms 
to designate kinetin-like growth factors 
be discontinued. 

FOLKE SKOOG 

F. M. STRONG 
Departments of Botany and 
Biochemistry, University of Wisconsin, 
Madison 

CARLOS 0. MILLER 
Department of Botany, 
Indiana University, Bloomington 
25 February 1965 

Spore Discharge 

The recent report by Savile on "Spore 
discharge in basidiomycetes: a unified 
theory" (1) omits pertinent data pre- 
sented by myself (2) and others, with- 
out which it is difficult to see how 
a unified theory is possible. 

After saying that the bursting gas 
bubble at the spore apiculus would 
deliver its blow transversely or di- 
agonally and could therefore hardly 
supply the main propulsive force, 
"which acts along the axis of the 
sterigma," Savile develops an additional 
hypothesis to explain the outward 
propulsion of the spore on the basis 
of forces of abstriction and repulsion, 
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involving electrical charges within the 
spore apparatus. 

In my own account, I have repeat- 
edly stated that the explosion of the 
bubble is probably not the only force 
contributing to discharge, but that re- 
sidual gas under pressure within the 
spore apparatus (between inner wall 
and outer membrane) at the time 
of the explosion is also a contrib- 
uting factor. It could be the primary 
factor in propelling the spore outwards. 
The force from the bursting bubble, 
however, might be expected frequently 
to cause the spore to veer away from a 
line of discharge parallel to the axis of 
the sterigma. Savile states that "almost 
all spores are discharged directly away 
from the hymenium (along the axis 
of the sterigmata) with impressive reg- 
ularity," although Buller (3) presented 
evidence that the spores may be shot 
away diagonally from the basidium. 

Savile's theory involving forces of 
abstriction and repulsion is admittedly 
conjectural. But he believes it to be 
supported by the fact that "the sterigma 
tip is snapped by abrupt bending" 
when the bubble bursts. However, this 
fails to take into account my observation 
that at the time of spore discharge 
there no longer appears to be any 
connection between the inner wall 
of spore and sterigma. This would mean 
that the only remaining connecting 
structure at the time of discharge is 
the outer membrane, whose rupture is 
instigated by the bursting bubble. 

LINDSAY S. OLIVE 

Department of Botany, 
Columbia University, New York 
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In reference to Olive's first point, 
he said in his paper: "This small ex- 
plosion, in addition to some residual 
pressure in the remaining gas layer, 
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is apparently the main force that rup- 
tures the outer membrane just below 
the spore and propels the spore from 
its sterigma." The reader may make 
what he will of the parenthetical clause, 
but the main sentence seems unequivo- 
cal in meaning. Its author now suggests 
that gas within the "spore apparatus" 
plays a part. If he means to imply 
a jet discharge, this explanation seems 
to be nullified by maintenance of turgor 
in the sterigma. 

Possibly Olive's belief that Buller 
demonstrated diagonal discharge rests 
on study of Fig. 52 of the cited volume. 
In the illustrated experiment spores were 
discharged upward and drifted back 
to the hymenium. The hymenium was 
enclosed in an illuminated cell in which 
convection current inevitably acted 
upon the falling spores. The common 
observation that spores from a mush- 
room gill adhere in groups of four to 
an adjacent slide supports my conten- 
tion of directed discharge. If a basid- 
ium projects beyond its neighbors the 
sterigmata might flare outward and the 
spores might discharge at an angle to 
the basidium, but still along the axis 
of the sterigma. 

The sterigma wall is generally thin 
and, even in cytological preparations, 
distinction between primary and sec- 
ondary layers may not always be clear. 
A tenuous wall of some sort must 
maintain the connection between spore 
and sterigma until the moment of 
discharge. 

If I had been able to prove my 
proposed mechanism, which is not of 
the existence of a repulsive force but 
of the maintenance of a morphologi- 
cally demonstrated force for a short 
additional period, I should not have 
been obliged to present it as a theory. 
It was so presented in the hope that, 
among the wide readership of Science, 
someone might devise a test. 

D. B. 0. SAVILE 
Plant Research Institute, 
Central Experimental Farm, Ottawa, 
Canada 
15 March 1965 
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