
time of his publication. he estimated (on 
the basis of weight differences) that 
about 1 g of fat would be the maximum 
available for migration. This amount 
.ivould provide energy for a flight of only 
about 385 miles, not enough to get the 
bird across the Gulf of Mexico. However, 
thc four premigrant hummingbirds in 
Table 2 actually had an average fat con- 
tent of 2.1 g, as compared with about 0.4 
g for summer individuals. Using Pear- 
son's metabolic rate figures, 2.1 g of fat 
would allow a flight of 800 miles. Even 
if 0.4 g ( the  summer level) ere un-
available for flight, the remaining 1.7 g 
would last for 655 miles, more than 
enough to span the Gulf. 

EUGENEP. ODUN 
CLYDEE. CONNELL 

Depai tment  of Zoology, 
Unive,sity of Georgia, Atheilr 
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Effect of Foliar Sprays of Maleic 
Nydrazide on Photosynthesis 

XIaleic hydrazide ( 1,2-dihydropyrida-
zine-3,6-dione) was found to decrease 
the number and increasc the size of chlo- 
roplasts in lettuce ( I ) .\Ve are no\\. able 
to report that this compound produce5 
similar eflects in other plants, and that 
there is an accompanying effect on pho-
tosynthesi;. 

I n  the experiments reported here ( 2 )  
two concentrations of maleic hydrazide 
(MH)  were used, 0.375 g/lit and 3.0 
g/lit (3 ) .  Swiss chard was raised from 
seed in the greenhouse. I n  the cotyledon 
stage, or after the formation of two to 
three leaves, the seedlings tvere sprayed 
with the M H  solution. Leaves that de-

Table 1. Number and size of chloroplasts 
in normal swiss chard leal-es and in leaves 
treated with maleic hydrazide. 

Nor-Chloroplasts mal Treated LSD.ol* 
.-	 -

xo. per cell 
Palisade 73.0 42.5 19.6 
Spongy

parenchyma 81.3 57.1 21.2 
Diameter ( y )  5.74 7.04 0.461 

++ Least significant differences a t  the 0.01 levei of 
probability. 

Table 2. Rates of photosynthesis and respiration and chlorophyll concentrations of normal 
tobacco leaves and leaves treated with maleic hydrazide. 

Item Normal 
MH-treated 
(0.375 g/lit) 

MH-treated 
(3.0 g/lit) 

Photosynthesis ( ylit O?/cnP hr)  9.17 12.08 14.42 
(LSD.o, = 2.14) (LSD.ol= 1.72) 

(ulit Odmg of chlorophyll 
per hour) 1128 1928 1545 

(LSD.oI ~ 4 3 8 )  (LSD.ol= 441) 
(LSD.o5= 307 ) 

Respiration ($it 02/crn2 h r )  1.93 1.74 1.04 

Chlorophyll (mg/cm2) 0.00813 0.00636 0.00933 

veloped subsequent to the treatment 
were used for photosynthesis studies ( 4 ) .  
Tobacco plants rvere sprayed in a similar 
manner, except that the plants had five 
to six leave.; a t  the time of treatment. 

Chloroplast structure in normal and 
treated leaves was studied microscopi-
cally. Disks of leaf tissue were macerated 
in a mixture of 1N hydrochloric acid 
and 50 percent ethyl alcohol. Chloroplast 
size \\,as determined by means of an ocu- 
lar micrometer, and the number of chlo- 
roplasts per cell was determined by 
counting the chloroplasts in a large num- 
ber of cells. 

Oxygen evolution by leaf disks was 
measured manometrically a t  25OC. 
Disks were punched with a cork borer, 
and ordinarily 10 cm2 was suspended in 
0.1M ICI-ICO, in standard \Varburg 
flasks. Two Lumiline tubes, supported 
in the bath 1 cm belo~v the vessels, pro- 
vided a light intensity of 200 ft-ca a t  the 
level of the leaf tissue. Respiration 
measurements made in the dark were 
used to correct the oxygen evolution. 
Dry tveights of the tissue used in the  ves- 
sels, or of separate aliquots, were deter- 
mined by oven-drying to constant weight. 
Chlorophyll tvas determined with the 
Beckman D U  spectrophotometer, using 
the method of Arnon 15).\ ,  

Leaves that developed subsequent to 
tieatment ere noticeably darker green 
than normal leaves. T h e  alterations in 
chloroplast morphology found by Cal-
laghan (1) in lettuce were found also in 
swiss chard and tobacco. Representative 
data from one treatment are presented 
in Table 1. Tobacco chloloplasts are 
somewhat smaller than those of swiss 
chard, but the effect of h l H  is about the 
same as that shortn in Table 1. 

Rates of photo.;ynthesis are signifi-
cantly increased by pretreatment with 
MH, as is shown in Table 2. At the lower 
concentratlon of h4H there is relatively 
little effect on dry weight, respiration 
rate, and chlorophyll concentration. T h e  
increase in the rate of photosynthesis, 
ho~vever, is quite spectacular. I t  is to 
this increase that ~ v e  attach the most 
significance. 

At the higher concentration, the de- 

pre.;.;ion of resplratlon and the somcwhat 
higher chlorophyll concentratlon account 
for a part of the apparent increase in 
photosynthetic rate. I n  leaf disks from 
plants treated with the higher concentra- 
tion of RIH, the dry 1% eights per unit area 
\ \ere qulte variable and depended on 
the recent history of the plants. Thus, 
chlorophyll or area is a better basis upon 
which to compare photosynthetic rates. 

Swiss chard yielded values compa-
rable to those shown for tobacco. 

Maleic hydrazide has many effects on 
hlgher plants, most of ~ch ich  result from 
changes in the developnlental sequence 
in the terminal meristem (6 ) .  At the 
lo\\ er concentration used here, however, 
there was little obvious morphological 
clinnqe In slze or shape of leaves T h e  
measured increasc in photosynthetic rate 
seemed to be a modification of the physi- 
ology of the individual leaf cells. At pres- 
ent it is impossible to tell hotv the ob- 
served changes are brought about. T h e  
great change in rate per unit of chloro- 
phyll suggests an alteration in the photo- 
chemical mechanism of photosynthesis. 
T h e  l o ~ v  linht intensitv used here con-" 
tributes to this suggestion. I t  is possible 
that this technique ~vi l l  provide an  ap- 
proach to the problem of energy transfer 
in photosynthesis. 

T h e  increase in photosynthetic rate 
has practical implications. Indced, Mik- 
kelscn et al. ( 7 )  found an increase in 
yield of sucrose from MI<-treated sugar 
beets. Ho~vever, they suggested only cas- 
ually that there might be a direct effect 
on photosynthesis. I n  other experiments 
( 8 ) ,  they found increased sucrose con-
centration but no increase in yield. 

JOHN J. CALLAGHAN* 
RICI~ARDW. VAN KORLIAN~.  

Dcpa~t?ncnt  of Botany and Plant 
Patlzology, Pennsylvania State 
Un ive~s i t y ,University Park 

References and Notes 

1. 	 John J. Callaghan, M.S. thesis, Cork Univer- 
sity, Cork, Ireland (1953) 

2 .  	 Contribution No. 202 from the department of 
botany and plant pathology, Pennsylvania State 
University, University Park. 

3. 	 Concentrations of the active ingredient in a 
solution of the diethanolamine salt of MH.  Al- 
conox detergent was added as a spreading agent. 

SCIENCE. VOL. 123 



C o n ~ i a ' ;  were sprayed xvith Ivater containing 
the detergent. 

4. 	 The leaves were studied after they reached 
mature size. The gro~vth usually required 4 to 
5 veeks. 

5. 	 D. I. Amon, Plaut Physiol. 24, 1 (1949). 
6. 	 A. S. Crafts, Ann.  Rev .  Plant Pkysiol. 4, 253 

(1953). 
7. 	 D.  S. Mikkelsen. R. B. Griffith. D. Ririe. 

Agron. J .  44, 533 (1952). 
8. 	 D. Ririe, D. S. Mikkelsen, R .  S. Baskett, Proc. 

* 	 A m .  Sar.  Suear Beet Technol. 7. 86 (19521. ,, 
Present address: Department of Biology, Uni- 
versity of Scranton, Scranton 3, Pa. 

i. 	 Present address: Department of Experimental 
Biology, University of Utah, Salt Lake City. 

3 Sovember 1955 

International Comparisons 

of Radioactivity Standards 

During the period iMay 1952 to No- 
vember 1954, international comparisons 
have been made of standard samples of 
the radioactive nuclides NaZ4, Ps2, Co60, 
Srw O+ YgO, 113', and Au198. The organi- 
zations taking part in these measure-
ments and comparisons have been the 
U.S. hTational Bureau of Standards, 
Atomic Energy of Canada Limited, and 
four British laboratories (the National 
Physical Laboratory; the Atomic Energy 
Research Establishment, Harwell; the 
Royal Cancer Hospital, London; and the 
Medical Research Council, London, co- 
ordinated through the NPL Advisory 
Committee on Radioactive Standards). 
Periodic meetings between represcnta-
tives of the three countries have been 
arranged by the U.S. National Research 
Council Subcommittee on Beta- and 
Gamma-ray Measurements and Stand-
ards Several papers on the work have 
already appeared (1-12). 

The samples used for the comparilons 
were standard solution? prepared b) the 
NBS, except the SrgO+YSOand AulQB 
samples, which were prepared by the 
AERE. The solutions generally contained 
a few microcuries per gram. In the case 
of Coco and Il?', stronqcr solutions con- 
taining of the order of 1 millicllrie per 
gram were provided. The disintegiation 
rates of the samples were determined at  
each of the laboratories by one or more 
of the folloxving methods: total B count-
ing in a 4x solid angle, 4 4 ~and P:l co-
incidence counting, and y<! coinciclence 
counting. The results of measllrernents 
under what are considered to be the best 
conditions attainable at present are in 
agreement to within about Itr 2 percent 
except for 43% counting of low-energy 
f3 rays. 

In measurements of Na2* and AulQ8 
by 4xB counting, the fractional losses of 
fl particles by absorption are small and 
the results agree within 2 2  percent. 
They also agree within these limits with 
4xBy and B y  coincidence reslllts. The 
basic counting measurements for 1'" are 
in agreement within 1 percent, but there 

is some uncertainty concerning the al-
lowance to be made for self-absorption. 
No such allowance is applied by the 
British and Canadian laboratories, but 
it has been calculated by the NBS to 
be about 2 percent. Owing to the com- 
plex disintegration scheme of 113', there 
is unfortunately no ready means of pro- 
viding a cross check. The apparent sys- 
tematic difference of about 3 percent be- 
tween the NBS results for 1'31 and the 
standard of this nuclide at present 
adopted in Great Britain and at  Chalk 
River is thus attributable to the correc- 
tion assumed for self-absor~tion. 

Agreement to within Itr 1 percent was 
obtained in the measurements of Coo0 
by fly and y y  coincidence counting. A 
wide range of values by 4nB counting 
was reported, however, by the ~ r i t i s h  
laboratories. Subsequent investigations 
at the NBS showed that owing to the 
relatively low energies of the B particles, 
the apparent disintegration rates ob-
tained by 4 4  counting were critically 
dependent on the amount of solid mate- 
rial in the source and on its distribution. 
Consideration of the Co60 results leads 
to the conclusion that owing to the prp- 
cautions necessary in source preparation, 
and the uncertainties in the absorption 
corrections, the 443 counting method of 
standardizing this nuclide is at present 
less reliable than the coincidence 
method. However, it is considered that 
the distintegration rate of the solution 
distributed was determined bv the coin- 
cidence method to an accuracy ap-
proaching t l percent. 

Ionization chamber equipment for 
preserving standards of the nuclides used 
for these comparisons has been set up at 
the NBS, and similar equipment is beiny 
calibrated at  the NPL. The cooperatio,l 
bet~veen the NBS. AECL. and the Brit- 
ish laboratories on all matters relating 
to the establishment and the mainte-
nance of radioactivity standards is to be 
continued in order to check the agree- 
ment already attained and to extend the 
comparisons to other nuclides. I t  i\ 
hoped that standardizing laboratories in 
other countries will participate in future 
comparisons; those interested should 
write to the most convenient of the 
authors of this letter. 

A. V. ASTIN 
National Bureau of Standards, 
Tl'ashington, D.C. 

E. C. BULLARD 
National Physical Laboratory, 
Teddington,  England 

W. B. LEWIS 
Atomic Energy of Canada Limited,  
Chalk River, Ontario 
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Explanation for the 
So-Called "Ascending Impulses" 
in the Pyramidal Tract 

In  1953 Brodal and Kaada ( I )  re-
ported responses to peripheral nerve 
stimulation in the medullary pyramid 
of the cat. They related this unorthodox 
finding to previous studies in which as-
cending fibers had been demonstrated 
histologically 12). The possibility that 
their resporlses were related to activity 
in the medial lemniscus was considered 
and rejected. A further evaluation of 
their experiments was suggested by the 
observation that the antidromic corti-
cal responses to medullary pyramidal 
tract shocks are seriously complicated by 
spread of the stimulus current to the 
sensory pathway in the adjoining lem- 
niscus. 

In adult cats that had been lightly 
anesthetized with Surital, the sigmoid 
motor cortices and superficial radial 
nerves were cxposed for stimulation, and 
the ventral medullary surface was ex-
posed for recording. The animal was 
placed in a supine position, the space 
ventral to the medulla being filled with 
Tyrodc's solution. Responses of medul- 
lary points were mapped following both 
a constant ipsilateral cortical stimult~s 
and a maximal contralateral nerve shock. 

The electrodes were 75-.u steel wires 
cemented together with the tips 1 mm 
apart. Bipolar recording proved more 
effective, but monopolar recording of 
the "active" lead against an indifferent 
lead in the cervical soft tissue was also 
used. The area adjacent to the midline 
was explored from the origin of the 


