
Table 1. Radioactive mustard associated with 
whole cells, nuclei, and DNA after reacting 
S- and G2-phase cells with mustard (final con- 
centration 0.6 Atg/ml) for 1 hour at 37?C. 
The radioactivity of all the samples, except 
the DNA preparations in experiment III, was 
measured by the liquid scintillation technique 
(the samples having been collected on Milli- 
pore filters). The filters were placed in 
toluene-phosphor solution and counted. The 
DNA samples in experiment III were dis- 
solved in toluene-phosphor solution and 
counted. All values are the average of two 
estimations. 
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Ex- Specific activity (count min-'1 ig-1) 
peri- 
ment Whole cells* Nuclei* DNAt 

S phase 
I 0.555 0.511 
II .541 .533 
III 12.0 
IV 8.47 

G2 phase 
I 0.523 0.452 
II .519 .531 
III 11.4 
IV 8.70 

* Per microgram of protein. t Per microgram 
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tivity values for whole cell and nucleus 
are expressed per unit of protein and 
those for DNA are expressed per unit 
of DNA (Table 1) there is no differ- 
ence between the two populations. 

It seems likely that the DNA in 
S-phase cells and the DNA in G2- 
phase cells have different molecular 
configurations and perhaps different 
degrees of association with histones 
and other nuclear proteins. Therefore it 
is noteworthy that the extent of mustard 
reaction with DNA is the same in S 
and G2 cells. 

According to target theory, if the 
number of targets in the unit to be 
destroyed is increased, the targets be- 
have independently with respect to the 
inactivating agent (11). The G2 cells 
contain almost twice as much DNA 
as do the S cells under the present 
experimental conditions. If DNA is 
the target component of the cells, and 
G2-cell and S-cell DNA do not react 
differently from each other with mus- 
tard one would expect the following: 
the linear portion of the G2-cell sur- 
vival curve would be parallel to that 
of the S cells but would be displaced 
above it by a factor of almost 2. That 
is, the extrapolation number of the 
G2 curve would be twice that of the 
S curve. In fact the curves are dis- 
placed by a factor of about 10. This 
could be taken to mean that another 
target is involved. It could also mean 
that some kind of repair mechanism 
is operative and that G2 cells can take 
advantage of this mechanism. 
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In order to obtain some idea of the 
quantitative nature of the lethal effect 
of sulfur mustard on L-cells, the fol- 
lowing calculations were made. From 
the data of experiment III (Table 1) 
where a reliable estimate of the count- 
ing efficiency was made it was calcu- 
lated that there was one alkylation per 
48,000 nucleotides in DNA. From 
Fig. 1, the D, value (12) or dose 
which on the average will inactivate a 
cell is 0.06 /1g/ml. Since alkylation of 
the cellular DNA is directly propor- 
tional to the dose of mustard (13), the 
Do would yield therefore one alkyla- 
tion per 480,000 nucleotides. If the 
average gene contains about 3000 nu- 
cleotides (14) then about one gene in 
every 160 (480,000/3000) could be 
alkylated. Some genes undoubtedly 
would escape alkylation, while others 
would suffer several alkylations. If 
gene inactivation is the critical action 
of mustard in producing cell death, 
then the foregoing calculations sug- 
gest the feasibility of this process. At 
the same time the calculations indi- 
cate the small extent of gene damage 
that will produce cell death. Such a 
consideration is even more marked if 
only about one in five alkylations or 
perhaps fewer yield cross-links in the 
DNA and it appears that the latter is 
the inactivating reaction (Brookes and 
Lawley, 13). 
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common pesticide chemicals. 

Residues of pesticides in crops that 
are shipped are subject to government 
limitations, but obviously the real sig- 
nificance of the residues lies in the 
amount actually ingested by animals 
and humans. Data on the actual 
amounts of the residues in food as 
shipped do not give a clue to the 
amount that will be ingested. There is, 
therefore, a continuing need for this 
information specifically. 

Limitations in the form of legal and 
safe tolerances have been established 
by the Food and Drug Administration 
for raw agricultural products as 
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shipped in interstate commerce. Some 
states have established similar toler- 
ances for intrastate control. The 1954 
statement of the National Academy of 
Sciences with its subsequent revisions 
(1) is used as a basic guide. The re- 
port issued by the President's Science 
Advisory Committee discusses in some 
detail the mechanism and criteria used 
in setting tolerances (2). 

We planned our investigation to pro- 
vide additional information and ex- 
pand the data furnished by experiments 
on specific food items and on specific 
types of food processing. 
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Pesticide Residues in Total-Diet Samples 

Abstract. Small amounts of pesticide residues were found in food samples 
from 18 markets consisting of 82 foods collected from three different geographical 
areas. The samples were separated into twelve similar classes of foods, made 
ready to eat, and analyzed by methods capable of detecting small quantities of 50 
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Laug et al., in their studies of stron- 
tium-90 and cesium-137 residues in 
foods, used the "total diet" approach 
to obtain data on the amount of these 
residues on read'y-to-eat foods. (3). 
This theoretical "total diet" represents 
all the food consumed over a period 
of 2 weeks by a male 18 to 19 years 
old. They discussed the advantages and 
disadvantages of this approach, as 
well as the factors of sample collection, 
weighting of individual food items, and 
sample preparation. 

Available information suggests that 
the amount of pesticide residue is 
measurably reduced during preparation 
of food for consumption. Studies, using 
portions of Laug's samples, have shown 
that when the foods were ready to eat 
they contained very small amounts of 
pesticide residues (4). The importance 
of this type of data was recognized 
in the President's Science Advisory 
Committee report (2). 

Accordingly, this was a study specif- 
ically of pesticide residues in food 
ready for consumption. We were par- 
ticularly investigating the amounts and 
kinds of residues that different types of 
food contribute to the diet. We col- 
lected the food samples in the same 
way a customer selects his food in re- 
tail stores. 

Techniques of food distribution are 
so highly developed that several lots of 
one kind of food each produced in a 
different region may be available for 
consumption at the one location. For 
example, a store may offer Texas- 
grown spinach for sale one day and 
California-grown spinach the following 
day, depending on market conditions. 
No uniformity can be expected for a 
single food item because of local vari- 
ations in growing, harvesting, and proc- 
essing procedures. There are no single 
foods or regions sufficiently represent- 
ative to be used alone for this study. 
Therefore the samples used were not 
limited to a single area. They were 
collected bimonthly from June 1964 
through April 1965 from retail food 
stores in Boston, Massachusetts; Kan- 
sas City, Missouri; and Los Angeles, 
California. 

Foods that must be processed before 
they are eaten, such as raw meats and 
fresh vegetables, were prepared by pro- 
fessional food handlers. They were sep- 
arated for analysis into 12 classes such 
as dairy products, leafy vegetables, or 
potatoes. For each class of food from 
one market, all samples were com- 
posited into a slurry. The composites 
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included both uncooked and cooked 
portions of foods commonly eaten in 
both forms, and the total of composite 
samples was 216. 

The relative amounts and specific 
kinds of foods included in the sam- 
ples for this study are similar to those 
in the basic 2-week diet constructed 
for the earlier studies (3, 4). 

Each composite was tested for chlo- 
rinated organic compounds (5, 6) at a 
sensitivity of 0.003 ppm; for organic 
phosphorus compounds (5, 7) at a 
sensitivity of 0.05 ppm; for chloro- 
phenoxy acids and esters (8) at a sen- 

sitivity of 0.02 ppm; for amitrole (9) 
at a sensitivity of 0.05 ppm; for dithio- 
carbamates, calculated as zineb (10), 
at a sensitivity of 0.2 ppm; for car- 
baryl (11) at a sensitivity of 0.2 ppm; 
for bromides (12) at a sensitivity of 
0.5 ppm; and for arsenic (13) as 
As2O0 at a sensitivity of 0.1 ppm. 

In our opinion, these sensitivity levels 
represent the lowest reliable quantita- 
tive measurement that can be obtained 

by these methods when reasonable sam- 

ple sizes are used for the prescribed 
extraction, isolation, and detection sys- 
tems. The applicability of these pro- 
cedures to the food-class composites 
was established by recovery studies. 
Recoveries of the added chemicals are 
comparable to those obtained when the 
procedures are applied to individual 
foods. In the development of methods 
of analysis for pesticide chemicals in 
food products, the research and regula- 
tory laboratory staffs have collaborated 
extensively. Interlaboratory checks and 
intralaboratory control tests are used 
for many products and pesticide chem- 
icals sufficiently to maiintain consist- 
ent results between laboratories. There- 
fore, no specific intralaboratory study 
was deemed necessary for this investi- 
gation. 

The quantitative values reported for 
the chlorinated organic compounds 
were obtained by electron-capture, gas- 
liquid chromatography and confirmed 
by thin-laver chromatography, micro- 
coulometric gas-liquid chromatography, 
or both. The sensitivity level for chlor- 
inated organic residues was based on 
the ability of the electron-capture, gas- 
liquid chromatographic system to de- 
tect heptachlor epoxide. The sensitivi- 
ties of other chlorinated organic re- 
sidues, such as DDT, benzene hexa- 
chloride, and toxaphene, were estab- 
lished by the response of the detec- 
tion system relative to heptachlor epox- 
ide. 

Earlier investigators (4) discussed 
the quantitative significance of their 
results and pointed out that residues 
in amounts below 0.01 ppm had only 
qualitative significance. Because of re- 
finements in methodology since these 
earlier studies, results above the sensi- 
tivity levels used in this study are con- 
sidered to have both qualitative and 
quantitative significance. It must be 
recognized that, as in most quantita- 
tive determinations, greater deviations 
are observed as the lower limit of sen- 
sitivity is approached. The detectable 
levels are somewhat lower than the 
quantitative sensitivity levels and, in 
general, 0.001 ppm of heptachlor, 
heptachlor epoxide, endrin, dieldrin, 
and aldrin can be detected; this amount 
then is of qualitative significance. The 
method used will detect the following 
chlorinated organic pesticides (14): 
aldrin; benzene hexachloride (BHC); 
chlorbenside; chlordane; isopropyl 
chlorocarbanilate (CIPC); DDT (o,p 
and p,p); dieldrin; endrin; endosulfan; 
heptachlor; hept,achlor expoxide; hexa- 
chlorobenzene; 1,1-bis(p-chlorophenyl)- 
2,2,2-trichloroethanol (Kelthane); lin- 
dane; methoxychlor; dimethyl 2,3,5,6- 
tetrachloroterephthalate (Dacthal) tet- 
rachlorodiphenylethane (TDE); dichlo- 
rodiphenyl dichloroethylene (DDE); 
ovex; pentachloronitrobenzene (PCNB); 
1, 1 -dichloro-2,2-bis (p-ethylphenyl) eth- 
ane (Perthane); ronnel; terpene poly- 
chlorinates; 1,2,4,5-tetrachloro-3-nitro- 
benzene (TCNB); p-chlorophenyl 2,4,5- 
trichlorophenyl sulfone (Tedion); 1,3, 
4,5,6,7,8,8-octachloro-3a,4,7,7a-tetrahy- 
dro-4,7-methanophthalan (Telodrin); 
and toxaphene. Reference standards of 
parathion, methyl parathion, malathion, 
Diazinon, demeton, and carbopheno- 
thion were used in the paper chroma- 
tographic analysis for organophospho- 
rus residues. 

The analytical procedure for chlo- 
rophenoxy acids and esters determines, 
by microcoulometric gas-liquid chro- 
matography, 2,4-dichlorophenoxyacetic 
acid (2, 4-D); 4(2,4-dichlorophenoxy) 
butyric acid (2,4-DB); 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T); 2(2,4,5- 
trichlorophenoxy) propionic acid (2,4,5- 
TP); 4-chloro-2-methyl phenoxyacetic 
acid (MCP); pentachlorophenol (PCP), 
and 2,3,6-trichlorobenzoic acid (TBA). 
The residues reported were confirmed 
by paper chromatography. 

Six dithiocarbamates can be detected 
by the method based on the evolution 
of carbon disulfide after decomposition 
of the dithiocarbamate: ferbam, maneb, 
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metiram, thiram, zineb, and ziram. No 
attempt was made to identify the spe- 
cific dithiocarbamate. The residues de- 
tected were calculated as zineb. 

Specific methods were used in the 
analysis for amitrole, arsenic, bro- 
mides, and carbaryl. No attempt was 
made to distinguish between organic 
and inorganic bromides. The values re- 
ported represent the total bromide 
concentration. 

Bromide residues in excess of the 
quantitative sensitivity limits estab- 
lished for the investigation were found 
in 178 of the composite samples. The 
existence of residues of chlorinated or- 
ganic pesticides was confirmed in 129 
composite samples. Some of the con- 
firmed residues were reported in 
amounts below the quantitative sensi- 
tivity limits that we prescribed. Resi- 
dues of chlorophenoxy compounds and 
dithiocarbamates were less common; 14 
and 5 composite samples contained 
these classes of agricultural chemicals, 
respectively. Carbaryl was found in 15 
composite samples. No residues of 
organophosphorus chemicals or ami- 
trole at or above the quantitative 
sensitivity limits were found in the 
samples. 

Twenty-five different residues were 
found in the samples. The frequency 
with which we found these residues 
and ranges in their amounts are shown 
in Table 1. The most common resi- 
dues, maximum amounts of those resi- 
dues, and residues reported less fre- 
quently are described below for each 
food class. 

The values for residues reported in 
dairy products, meat, fish, and poultry, 
and oils, fats, and shortening represent 
fat-soluble residues found in the fat 
portion. No precise quantitative deter- 
mination of the fat in these composites 
was made; however, the dairy prod- 
ucts composites contain approximately 
8 to 13 percent fat, the meat, fish 
and poultry composites contain approx- 
imately 17 to 23 percent fat, and the 
oils, fats, and shortening composites 
contain approximately 83 to 88 per- 
cent fat. 

Dairy products (fresh, canned, and 
dry milk; ice cream; cottage cheese; 
natural and processed cheese; butter 
and margarine): (i) Small residues of 
chlorinated organic pesticides were 
present in varying combinations in 15 
of 18 composite samples. The most 
common were DDT, DDE, and TDE, 
with maximum values of 0.15 ppm, 
0.22 ppm, and 0.053 ppm, respectively. 
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(ii) Also present were dieldrin, hep- 
tachlor epoxide, lindane, and BHC. 
(iii) Bromides were present (1.1 ppm 
to 31.7 ppm) in 17 of 18 composite 
samples. 

Meat, fish and poultry (including 
beef, pork, lamb, chicken, luncheon 
meat, frankfurters): (i) Small residues 
of chlorinated organic pesticides were 
present in varying combinations in all 
composite samples. The most common 
were DDT, DDE, and TDE, with 
maximum values of 0.86 ppm, 0.92 

ppm, and 0.25 ppm, resectively. (ii) 
Also present were dieldrin, heptachlor 
epoxide, BHC, lindane, aldrin, endrin, 
heptachlor, and PCP. (iii) Bromides 
were present (2.3 ppm to 35.5 ppm) 
in 16 of 18 composite samples. (iv) 
Arsenic was present (0.12 ppm) in 1 
of 18 composite samples. 

Grain and cereal products (including 
general purpose and self-rising flour; 
corn flakes; oatmeal; macaroni; raw, 
canned, and frozen corn): (i) Small res- 
idues of chlorinated organic pesticides 
were present in varying combinations 

Table 1. Numbers of composites where pes- 
ticide residues were found and ranges in 
the amounts. 

No. No. Range at 
compos- .i and above 

Pesticide ites iesi(lties sensitivity 
with below level 

ses e ensitivity residue (ppm) level 

Bromides 178 0.7-261.6' 
DDT 85 4 0.003-0.862 
DDE 82 24 0.003-0.915 
TDE 48 6 0.003-0.291 
Dieldrin 46 7 0.003-0.142 
Lindane 37 13 0.003-0.21 
Heptachlor 

epoxide 33 9 0.003-0.082 
Carbaryl 15 2 0.2-0.5 
BHC 14 0.004-0.141 
Aldrin 13 5 0.003-0.014 
Endrin 11 6 0.004-0.017 
2,4-D 10 1 0.02-0.158 
Arsenic 

(As,O3a) 6 0.10-4.7 
Dithio- 

carbamates* 5 0.4-0.8 
Kelthane 4 0.1.08-0.166 
Chlorben- 

side 4 1 0.010-0.038 
PCP 3 1 0.02-0.03 
TCNB 2 0.011-0.216 
Heptachlor 2 1 0.008 
Tedion 2 0.006-0.044 
TBA 2 1 0.02 
Perthane 1 0.016 
PCNB 1 0.003 
MCP 1 1 
Chlordane 1 0.033 
* Calculated as zineb. - Twenty residues above 
25 ppm. 

in 17 of 18 composite samples. The 
most common were DDT and lindane, 
with maximum values of 0.026 ppm 
and 0.032 ppm, respectively. (ii) Also 
present were TDE, DDE, heptachlor 
epoxide, dieldrin, aldrin, endrin, PCP, 
MCP, carbaryl, and dithiocarbamate. 
(iii) Bromides were present (4.4 ppm 
to 111 ppm) in 17 of 18 composite 
samples. (iv) Arsenic was present (0.10 
ppm) in 1 of 18 composite samples. 

Potatoes (white-baked, boiled, and 
fried; potato chips; sweet potatoes and 
yams, both fresh and canned): (i) 
Small residues of chlorinated organic 
pesticides were present in varying 
combinations in 9 of 18 com- 
posite samples. The most common were 
heptachlor epoxide, DDE, and endrin, 
with maximum values of 0.020 ppm, 
> 0.003 ppm, and > 0.003 ppm, respec- 
tively. (ii) Also present were dieldrin, 
DDT, lindane, TDE, TCNB, and car- 
baryl. (iii) Bromides were present (1.5 
ppm to 38 ppm) in 15 of 18 composite 
samples. (iv) Arsenic was present (4.7 
ppm) in 1 of 18 composite samples. 

Leafy vegetables (including raw and 
canned beet tops; raw, canned, and 
frozen spinach; fresh and frozen broc- 
coli): (i) Small residues of chlorinated 
organic pesticides were present in vary- 
ing combinations in 12 of 18 com- 
posite samples. The most common 
were DDT, DDE, and TDE, with 
maximum values of 0.047 ppm, 0.096 
ppm, and 0.29 ppm, respectively. (ii) 
Also present were chlorbenside, hepta- 
chlor epoxide, BHC, lindane, endrin, 
carbaryl, dithiocarbamate, and 2,4-D. 
(iii) Bromides were present (1.1 ppm 
to 16.3 ppm) in 16 of 18 composite 
samples. 

Legume vegetables (including raw, 
canned, and frozen peas; raw, canned, 
and frozen green beans; raw, canned, 
and frozen lima beans): (i) Small resi- 
idues of chlorinated organic pesticides 
were present in varying combinations 
in 5 of 18 composite samples. The 
most common was DDT, with a maxi- 
mum value of 0.13 ppm. (ii) Also pres- 
ent were DDE, TDE, and dieldrin. 
(iii) Bromides were present (0.9 ppm 
to 1.7.9 ppm) in 14 of 18 composite 
samples. (iv) Arsenic was present (0.11 
ppm) in 1 of 18 composite samples. 

Root vegetables (including raw and 
canned carrots; raw and canned beets 
without tops; raw turnips without tops; 
raw rutabagas): (i) Small residues of 
chlorinated organic pesticides were pres- 
ent in varying combinations in 9 of 18 
composite samples. The most common 
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were DDT, DDE, and dieldrin, with 
maximum values of 0.071 ppm, 0.051 
ppm, and 0.018 ppm, respectively. (ii) 
Also present were TDE, TCNB, endrin, 
chlorbenside, and carbaryl. (iii) Bro- 
mides were present (2.6 ppm to 22.1 
ppm) in 14 of 18 composite samples. 
(iv) Arsenic was present (0.10 ppm) 
in 1 of 18 composite samples. 

Garden fruits (raw peppers, fresh 
and canned tomatoes, raw cucumbers, 
catsup, raw eggplant, and raw and 
frozen summer squash): (i) Small resi- 
dues of chlorinated organic pesticides 
were present in varying combinations 
in 16 of 18 composite samples. The 
most common were DDT, DDE, TDE, 
lindane, and dieldrin, with maximum 
values of 0.15 ppm, 0.009 ppm, 0.049 
ppm, 0.025 ppm and 0.012 ppm re- 
spectively. (ii) Also present were hep- 
tachlor epoxide, chlordane, BHC, en- 
drin, and carbaryl. (iii) Bromides were 
present (1.7 ppm to 18.9 ppm) in 15 
of 18 composite samples. 

Fruits (including fruit filling from 
pies, fresh oranges, bananas, raisins, raw 
and canned apricots, and raw and 
canned pears): (i) Small residues of chlo- 
rinated organic pesticides were present 
in varying combinations in 16 of 18 
composite samples. The most common 
were DDT, DDE, and aldrin, with 
maximum values of 0.027 ppm, 0.005 
ppm, and 0.020 ppm, respectively. (ii) 
Also present were lindane, Kelthane, 
dieldrin, TDE, PCNB, Tedion, Per- 
thane, and carbaryl. (iii) Bromides 
were present (0.7 ppm to 31.4 ppm) 
in 12 of 1 8 composite samples. (iv) 
Arsenic was present (0.18 ppm) in 1 
of 18 composite samples. 

Oils, fats, and shortening (French 
dressing, mayonnaise, salad dressing, 
shortening, and peanut butter): (i) 
Small residues of chlorinated organic 
pesticides were present in varying com- 
binations in 7 of 18 composite samples. 
The most common were heptachlor 
epoxide, DDT, DDE, and TDE, with 
maximum values of 0.004 ppm, 0.049 
ppm, 0.014 ppm, and 0.037 ppm, re- 
spectively. (ii) Also present were di- 
eldrin, lindane, endrin, heptachlor, 
BHC, aldrin, 2,4-D, and TBA. (iii) 
Bromides were present (1.1 ppm to 
261 ppm) in 16 of 18 composite 
samples. 

Sugar and adjuncts (including white 
sugar, jam or jelly, pudding mix, 
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261 ppm) in 16 of 18 composite 
samples. 

Sugar and adjuncts (including white 
sugar, jam or jelly, pudding mix, 
blended. syrup, molasses, candy bars, 
baking powder, and salt): (i) Small res- 
idues of chlorinated organic pesticides 
were present in varying combinations in 
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9 of 18 composite samples. The most 
common were 2,4-D and DDT, with 
maximum values of 0.16 ppm and 
0.085 ppm, respectively. (ii) Also pres- 
ent were aldrin, BHC, lindane, TDE, 
DDE, heptachlor epoxide, dieldrin, and 
carbaryl. (iii) Bromides were present 
(0.7 ppm to 55.1 ppm) in all compos- 
ites. 

Beverages (tea leaves, ground cof- 
fee, cocoa, soft drinks, and drinking 
water): (i) One residue of a chlori- 
nated organic pesticide was found in 
1 of 18 composite samples (DDE, > 
0.003 ppm). (ii) Also present was car- 
baryl (maximum value 0.5 ppm) in 4 
of 18 composite samples. (iii) Bromides 
were present (0.9 ppm to 17.0 ppm) 
in 10 of 18 composite samples. 

The analytical scheme used in this 
investigation will detect at least 50 of 
the most commonly used pesticide 
chemicals. The amounts of pesticide 
residues found in the foods ready for 
consumption were very small; they 
were substantially less than the toler- 
ances established for specific pesticides 
and products in those instances where 
the tolerances are finite. Residues of 
all pesticides reported in earlier studies 
(4), except methoxychlor, were found 
in this series of samples. The amounts 
of these residues were of the same 
order of magnitude as those reported 
in the earlier studies. Aldrin, carbaryl, 
dithiocarbamates, TCNB, Tedion, PCP, 
2,4-D, MCP and TBA residues, how- 
ever, have not been reported in studies 
of foods ready for consumption. 

R. E. DUGGAN 

H. C. BARRY 
L. Y. JOHNSON 

Bureau of Regulatory Compliance, 
Food and Drug Administration, 
Washington, D.C. 
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Gibberellin and Growth in 

Isolated Wheat Embryos 

Abstract. Gibberellic acid promoted 
elongation growth in the coleoptiles and 
leaves of embryos from gamma-irradi- 
ated wheat grains whether the embryos 
were isolated or attached to the endo- 
sperm. Thus gibberellic acid affected 
this growth directly rather than indi- 
rectly through an effect upon endo- 
sperm. However, root growth was pro- 
moted by gibberellic acid only on em- 
bryos attached to endosperm, suggest- 
ing an indirect effect of gibberellic acid 
upon growth. 

Shoot growth in cereal seedlings, 
after the treatment of whole seedlings 
with gibberellin, has been used to in- 
vestigate the basis of the effects of 
gibberellin upon plant development 
(1, 2). In his recent review of the 
mechanisms of gibberellin action, 
Paleg (3) has stated that the interpre- 
tation of results so obtained must be 
queried because the effects upon growth 
are confounded with another effect of 
gibberellin upon cereal grains-the 
mobilization of nutrient reserves in ce- 
real endosperm. 

To decide whether gibberellin has 
a direct effect upon growth, or only 
an indirect effect through a changed 
nutritional status of the seedling due 
to greater or earlier endosperm mobili- 
zation, we have compared the effect of 
gibberellin upon embryos attached to 
endosperm and upon isolated embryos 
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