
Fig. 1. The modified potometer. 

brightness. In rapid succession it usual
ly appears both darker and lighter than 
its surround. In all regions except the 
"masking," "reversal," and "ambigu
ous" regions the circle is seen as "posi
tive," that is, as lighter than its sur
round. The subject was required to re
port on the presence of (subjective) 
afterimages as well as on the appear
ance of the test field itself. The stip
pled area of Fig. 1 represents the phases 
and energies of the test field for which 
reports of negative afterimages (of a 
prior positive image) were obtained. 

The data of Fig. 1 confirm the quali
tative statement that negative after
images of a stimulus are seen when it 
precedes a homogeneous field. How
ever, Fig. 1 shows much more. It dem
onstrates that good quantification is pos
sible even of such an evanescent 
phenomenon as a negative image. The 
general topological properties of Fig. 1 
remain unchanged for the many other 
kinds of visual stimuli that we have 
tried, including stimuli of different sizes, 
shapes, colors, and so forth. If the data 
are represented as in Fig. 1, then the 
area of "reversal" is contained within 
the area of "ambiguity" which, in turn, 
is contained within the area of "nega
tive afterimages." Thus, areas of rel
atively more prominent negative images 
are contained within areas of less 
prominent negative images. This in
variant relation of containment between 
the degrees of negative images consti
tutes strong evidence for their common 
origin. The particular negative images 
seen by Bidwell are a special case 
("reversal" area) of the more general 
negative image phenomenon. The rever
sal conditions are simultaneously favor
able for the negative afterimage and un
favorable for the positive image; there
fore, only a negative afterimage and no 
prior positive image is seen. 
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A Simple Inexpensive Potometer 

Abstract. A simple, inexpensive potom
eter, suitable for student use, is described. 
It differs from the conventional type main
ly in that it does not contain a funnel and 
stopcock arrangement. 

The conventional potometer, de
scribed in most textbooks of plant 
physiology (1), has become a widely 
used tool for the demonstration and 
measurement of transpiration. Although 
the apparatus really records the rate of 

water uptake, the rates of water uptake 
and water loss (due to transpiration) 
are, for practical purposes, often the 
same. Despite the limited usefulness of 
the potometer for research purposes, it 
is widely used in laboratory courses of 
plant physiology, mainly because it 
provides a rapid and very graphic 
means of illustrating and measuring the 
rate of water uptake under different 
environmental conditions. 

In my experience with large classes 
of undergraduate students, it has rarely 
been possible to make wide use of the 
conventional potometer because of the 
cost of these potometers, the high rate 
of breakage, and the difficulty that 
students encounter in trying to lubri
cate the stopcocks. Clogged, leaking, or 
"stuck" stopcocks are all too common
ly the cause of faulty results and broken 
potometers. 

By modifying the conventional po
tometer, mainly by eliminating the fun
nel and stopcock arrangement, a po
tometer has been developed which is 
inexpensive and robust and which has 
proved to be accurate and very suit
able for student use. 

The potometer (Fig. l a ) is set up in 
the usual way and is clamped to a 
retort stand at position A. Special care 
must be taken to make sure that the 
rubber teat is free of air bubbles. By 
lowering the beaker temporarily, an air 
bubble is drawn into the capillary tube. 
For a particular run, the air bubble is 
given time to travel a certain fixed 
distance (B to C) along the horizontal 
part of the capillary tube. 

To prepare the apparatus for a sec
ond run, the air bubble is completely 
expelled from the capillary tube before 
it reaches the container D, by gently 
squeezing the rubber teat. The apparatus 
is refilled with water by gently releasing 
the pressure on the rubber teat. 

As will be noted, the procedure with 
this apparatus differs from that with the 
conventional potometer in that (i) the 
apparatus is refilled with water from the 
beaker instead of with water from a 
funnel and stopcock arrangement at
tached to the capillary tube at Y in the 
conventional apparatus; and (ii) a 
fresh bubble must be collected before 
each run, whereas with the conventional 
apparatus, the same bubble is used in 
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all determinations (the bubble is re- 
peatedly displaced to point X in the 
capillary tube). 

Because the air bubble has to be ex- 
pelled completely from the capillary 
tube, it is important that the tip of the 
capillary tube be made as illustrated in 
Fig. l a  or 16 and not as commonly 
constructed in conventional potometers 
(see Fig. lc); in the latter case the capil- 
lary tube is first sealed off, and a lateral 
aperture is blown out. 

The air bubble need not be com- 
pletely expelled from the capillary tube 
before each determination; the original 
bubble can be disp1,aced to the starting 
point several times by merely tightening 
a screw clamp which can be attached 
to the rubber teat. 

N. GROBBELAAR 
Margaretha Mes Institute o f  Plant 
Physiology and Plant Biochemistry. 
University o f  Pretoria, 
Pretoria, South Africa 

References and Noted 

1. W. F. Ganong, Plant Physiology (ed. 2, 
1908). p. 184; B. S. Meyer and D. B. Ander- 
son, Plant Physiology (Van Nostrand, New 
York, ed. 2, 1952). p. 130. 

7 December 1959 

Effect of DDT on Free Amino Acids 
of Susceptible and DDT-Resistant 
Aedes aegypti Larvae 

Abstract. The exposure of mosquito 
larvae (Aedes aegypti L.) to LCso concen- 
trations of DDT for various periods of 
time resulted in a selective increase in the 
alanine level of a DDT-resistant strain 
after 4 to 8 hours' contact with the insec- 
ticide, whereas the concentration of this 
amino acid in a susceptible strain remained 
comparatively low. 

Evidence that DDT may disturb 
amino acid metabolism in insects has 
been presented by Reiff (I) who found 
that this insecticide reduced the amino 
acid level of the hemolymph of DDT- 
susceptible house flies, and by Corrigan 
and Kearns (2) who reported that DDT 

Fig. 1. Two-dimensional chromatograms 
of the DDT-treated Trinidad larvae (right) 
and the untreated controls (left) showing 
a marked increase in the alanine level 
(spot at arrow) upon 4 hours' exposure to 
DDT. 

characteristically lowered the proline 
content of the hemolymph of Peri- 
planeta. Previous investigations in our 
own laboratory have demonstrated that 
when larvae of a susceptible strain and 
a DDT-resistant strain of Aedes aegypti 
were exposed to DDT, the total free 
amino acid content of the resistant 
strain increased while that of the sus- 
ceptible strain remained essentially the 
same (3). The present report is con- 
cerned with the continuation of this 
work to determine which amino acids 
are particularly affected by DDT. 

Third and fourth-stage larvae of a 
susceptible strain (UTMB) and a DDT- 
resistant strain (Trinidad) were exposed 
to their respective LCSO concentrations 
of DDT (0.5 and 2.5 parts per million 
after 24 hours' exposure) for periods of 
2, 4, 8, and 16 hours, respectively. In 
preparation for each experiment, ap- 
proximately 1000 larvae of each strain 
were rinsed thoroughly in distilled wa- 
ter and divided equally into each of 
two enameled pans containing 400 ml 
of distilled water. The appropriate 
quantity of an acetone solution of 
DDT (p, p' isomer) was added to one 
pan prior to introduction of the larvae, 
the other pan serving as the control. 
At the end of the exposure period the 
larvae, all of which were still living, 
were removed from their respective 
containers by means of separate strain- 
ers. They were then rinsed in two 
changes of distilled water, weighed, and 
homogenized in acetone, with a tissue 
grinder. After centrifugation, measured 
amounts of the supernatants were ap- 
plied to sheets of Whatman 3-mm filter 
paper and chromatographed by pre- 
viously described techniques (4). Chro- 
matograms of the test and control ex- 
tracts were &st compared visually for 
evidence of differences in concentration 
of amino acids. Densitometric measure- 
ments were then made of the various 
ninhydrin-positive spots appearing on 
two-dimensional chromatomatograms. 
The results presented here represent the 
combined data from five separate sets 
of tests conducted on different genera- 
tions of larvae at each exposure period. 

Virtually complete reproducibility 
was obtained between tests. The only 
striking difference in amino acid levels 
between the UTMB and . Trinidad 
strains after exposure of the larvae to 
DDT was in the concentration of ala- 
nine, which was greater in the latter 
strain (Fig. 1). The maximum density 
values for this amino acid on chromato- 
grams prepared after 2, 4, 8, and 16 
hours of DDT exposure were 85.5, 93, 
92.5, and 80, respectively, for the Trin- 
idad strain, a peak occurring during the 
4- to &hour period. The alanine level 
of the susceptible strain increased some- 
what after 4 hours' exposure to DDT 
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Fig. 2. Maximum density curves showing 
the alanine concentration in the susceptible 
(S) and DDT-resistant (R) strains of larvae 
and their corresponding controls after 2, 
4, 8, and 16 hours' exposure to DDT. 

and declined sharply thereafter, 'the 
corresponding density values being 84, 
87.5, 85, and 78 (Fig. 2). Interestingly 
enough, the alanine content of the cor- 
responding untreated and unfed con- 
trols also rose during the 2- to 4-hour 
period. Whereas the level of this amino 
acid was somewhat higher in the 
UTMB strain at 2 hours, the reverse 
was true after 8 hours. Strain differ- 
ences in the concentration of several 
other amino acids were of extremely 
small magnitude, and were not con- 
sistent. 

As yet, it is not known whether the 
increase in alanine content which fol- 
lows DDT exposure is due to an in- 
creased rate of alanine synthesis or a 
decreased rate of metabolism. The sim- 
ilarity in shape of the density curves 
representing the DDT-treated larvae 
and the untreated controls suggests that 
the effects of DDT on alanine metabo- 
lism are of a quantitative nature. In any 
case, the DDT-resistant strain exhibits 
either greater alanine production or is 
less able to utilize it than is the normal 
strain. The finding that Aedes aegypti 
larvae are capable of synthesizing large 
quantities of alanine (5) is consistent 
with the possibility that the differences 
noted between the two strains used in 
this study may be a reflection of the 
comparative activity of transaminases 
or other enzymes. 
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