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findings that a diet with a galactose 
caloric percentage of 22 percent was 
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is thin and watery. To improve the 
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lactose in the commercially produced 
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by the yogurt diet result from its high 
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Phycomyces: Habituation of the Light Growth Response 
Abstract. Phycomyces sporangiophores respond to four distinct physical stimuli: 

gravity, light, stretch, and an avoidance stimulus. Saturating the organism with a 
light stimulus so that it does not respond to any additional light program does not 
decrease its ability to respond to an avoidance stimulus. This demonstrates that the 
organism has the potential to respond after a saturating light stimulus and that the 
avoidance stimulus acts at some point past or parallel to the light-receiving 
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avoidance stimulus acts at some point past or parallel to the light-receiving 
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The stage IV sporangiophore of the 
fungus Phycomyces has been the ob- 
ject of intense study in numerous lab- 
oratories over the past decade. It re- 
sponds quantitatively to several dis- 
tinct stimuli: light, stretch, and gravity, 
and in addition has the ability to grow 
away from solid objects (1). This last 
property has been termed avoidance, 
and it has been the least studied and 
the most poorly understood of the 
properties. 

We now present further experiments 
on the mechanism of the light growth 
response. Several papers describe in de- 
tail the response of Phycomyces to 
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Fig. 1. A fully dark-adapted, stage IV 
sporangiophore stimulated by a double bar- 
rier at the times indicated with an upward 
arrow T. Removal of the double barrier is 
indicated bry a downward arrow $. 
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light (1, 2). The light growth response 
occurs when the intensity of stimulating 
light is greater than that to which the 
organism has become adapted. After 
several minutes at the higher intensity, 
an increase in growth occurs which 
sometimes leads to a doubling of the 
initial growth rate. But, after approxi- 
mately 5 minutes, the rate begins to de- 
crease again to the initial basal growth 
rate of about 3 mm/hour. Now the 
organism must adapt to the new light 
intensity before it will respond to a 
further increase in light. After the 
initial increase in light intensity, there 
is a period during which additional 
light stimuli will not cause a full in- 
crease in growth. This return to a 
state of sensitivity has been described 
in an equation that is similar to one 
describing the charging of a capacitor 
(3). In 1966 Castle (4) proposed a 
model in which an increase in growth 
depleted a pool of substrate to a point 
below which further increase in growth 
could not be evoked. This model makes 
possible a very simple prediction. If the 
organism were unable to respond to a 
second light stimulus because of deple- 
tion of substrate, it should also be un- 
able to respond to any of the other 
stimuli. 
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To test this prediction, we used the 
avoidance response because it is the 
easiest of the three nonlight responses 
to measure. Because it is necessary to 
obtain a net increase in growth to test 
a substrate-limitation model, a simple 
bending response is not adequate. This 
arises from the fact that a decrease in 
growth on one side would also cause 
an increase in bending with no increase 
in net growth. A way around this dilem- 
ma is to place a double barrier around 
the sporangiophore and observe the 
growth response when both sides of the 
sporangiophore are trying to grow away 
from their respective barriers. A tran- 
sient growth response (referred to as 
an avoidance growth response) occurs 
when a steadily growing sporangio- 
phore is either inserted into a capillary 
or between glass cover slips 2 mm apart 
(5). This growth response is very simi- 
lar to the light growth response except 
that the initiation of the response often 
occurs in less than 1 minute. This is 
quite unlike the light growth response 
which never begins before 2.5 minutes 
and often as late as 3 minutes after the 
stimulus. 

We were first interested in whether 
a series of double-barrier stimuli would 
give a series of avoidance growth re- 
sponses (Fig. 1). The apparatus for 
observing the change in growth rate 
was an optical comparator (6). A 
double barrier consisting of two glass 
cover slips 2 mm apart was placed 
around the sporangiophore by a trolley- 
like device, and changes in growth rate 
were recorded with the comparator. 
The placement of the barrier was from 
the side and normal to the direction of 
observation. There is a transient growth 
response with essentially no significant 
latent period. Removal and reinsertion 
of the double barrier causes a second 
similar response as does the third re- 
moval and insertion. 

We were then interested in whether 
the avoidance growth response oc- 
curred during a period when a light 
stimulus gave no light growth response 
(Fig. 2). The stage IV sporangiophore 
was given a large increment (step-up) 
from 0 to 82 mw/cm2 by means of an 
argon laser (488 nm). After 10 minutes 
the light was shut off for 2 minutes and 
then a second stimulus of 30 seconds 
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argon laser (488 nm). After 10 minutes 
the light was shut off for 2 minutes and 
then a second stimulus of 30 seconds 
was given. There was no response. 
None was expected since the sporangio- 
phore was still light-adapted, and, at 
these very high intensities, the light- 
receiving mechanism was fully saturated 
(7). If the second stimulus was an 
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Fig. 2. The dotted line represents the con- 
trol with a 10-minute stimulus given at an 
intensity of 82 mw/cmn followed by 2 min- 
utes in the dark and then by a 30-second 
light stimulus at the same intensity indi- 
cated by the upward arrow T. The solid 
line represents results of the same experi- 
ment except that after 2 minutes in the 
dark a double barrier is inserted around 
the sporangiophore. 

avoidance stimulus resulting from a 
double barrier, there was an avoidance 
growth response (Fig. 2). 

Thus, even after a light stimulus, 
saturating in intensity, the organism still 
has the ability to grow faster. Addi- 
tionally, the avoidance stimulus acts 
either at some point between the light- 
receiving mechanism and the final re- 
sponse or on an independent parallel 
branch. 

The technique of saturating one 
sensory pathway of an organism to a 
point where it no longer responds to 
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Turner and Ulbrich (1) recently sug- 
gested a basis for the chemical compar- 
ison of nonterrestrial with terrestrial 
rocks. Particular emphasis was placed 
upon atomic ratios such as Ca/Na, (Ca 
+ K)/Na, Fe/Mg, and Al/Ti, which in 
terrestrial igneous rocks conform to 
sharply limited general patterns reflect- 
ing genesis and fractional crystallization 
of magmas under conditions prevailing 
in the outer mantle and crust of the 
earth (2). 

In this note I illustrate the potentiality 
of this same suggestion by presenting 
some composition fields plotted respec- 
tively for appropriate igneous rocks, 
eucrite meteorites, and surface lunar 
materials sampled by Surveyor 5 and 6 
(3) and the Apollo 11 mission (table 
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that stimulus but does respond to an- 
other type of stimulus is a classic test 
for habituation. Accordingly, a satura- 
ting light stimulus habituates Phy- 
comyces to a light stimulus but not to 
an avoidance stimulus. 

JOSEPH K. E. ORTEGA 
RUSTEM IGOR GAMOW 

Department of Aerospace Engineering 
Sciences, University of Colorado, 
Boulder 80302 
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1 in 4; 5, 6). Analyses of 140 igneous 
rocks were selected at random from the 
recent literature to cover the SiO2 range 
from 39 to 55 percent [excluding anal- 
yses of monomineralic rocks such as 
anorthosites and analyses in which the 
individual value for any of the three 
oxides CaO, MgO, or (FeO + Fe2O3) 
falls below 2 percent]. The selected data 
include extreme and rare as well as 
common rock types (such as basalt). 
Individual points are not plotted in the 
accompanying diagrams, since their 
clustering might convey an impression 
of statistical significance in no way 
warranted by and quite outside the 
scope of this study. 

In Fig. I terrestrial and extraterres- 
trial rocks are seen to fall in two mu- 
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falls below 2 percent]. The selected data 
include extreme and rare as well as 
common rock types (such as basalt). 
Individual points are not plotted in the 
accompanying diagrams, since their 
clustering might convey an impression 
of statistical significance in no way 
warranted by and quite outside the 
scope of this study. 
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