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RELATION OF RESPIRATORY AND ENZYMATIC ACTIVITY
TO CORN SEED VIABILITY 1.2

GLYN O. THRONEBERRY 3 anp FREDERICK G. SMITH
DEPARTMENT OF BoTANY AND PraxT PATHOLOGY, Jowa STATE CoOLLEGE, AMES, Towa

Seed germination like any other growth process
must depend on respiratory metabolism. Failure to
germinate, therefore, may be due to breakdown in
some part of the respiratory machinery. Perhaps the
strongest evidence for this relationship is the success
often reported (1, 2, 7, 9, 15) in estimating viability
with the tetrazolium test which is known to involve
dehydrogenase systems (8, 16). Otherwise there is
little information on the changes in metabolic and
enzyvmatic activity of seeds associated with loss of
viability. The most extensive enzyme work so far
has been with catalase and peroxidase and the results
have not established any general correlation between
activity and viability (6, 11, 13).

The plan of the present work was to explore the
relationship between certain indices of respiratory
metabolism and viability in corn. Alcohol and malic
dehydrogenases were chosen because they were found
previously (16) to be especially active in tetrazolium
reduction in this seed. Cytochrome oxidase was in-
cluded because there was evidence that it was the
principal terminal oxidase in corn (12). Manometric
measurements of overall respiratory ecapacity also
were made as a test of the general hypothesis that
failure of respiratory metabolism is an important
cause of loss in viability and in the search for clues
to other enzymatic systems limiting viability. It was
hoped in this way to provide a more systematic basis
for the development of quick tests for viability. A
practical quick test of this kind would depend on the
breakdown of respiratory or enzymatic activity at an
early stage of the germination process. The 18-hour
stage in corn was chosen because the embryo cells
have then become fully turgid and this is approxi-
mately the stage at which most information about

1 Received January 25, 1955.

2 Journal Paper No. J-2679 of the Iowa Agricultural
Experiment Station, Ames, Iowa. Project No. 1083.
This study was financed in part with funds appropriated
under the Research and Marketing Act of 1946, and was
carried out in cooperation with the Grain Division, Agri-
cultural Marketing Service, U. S. Department of Agri-
culture.

3 Present address: Agronomy Department, Kansas
State College, Manhattan, Kansas.

the tetrazolium test is available. Freezing and dry-
ing treatments were used to produce a range of via-
bility because these approximate adverse conditions
which are encountered in production and marketing.

MATERIALS AND METHODS

Hand harvested ears were collected from three
open pollinated hybrids, B6 x W22, B6 x L289, and
Ta. 4297 at moisture levels of 32 to 44 9. Husked
ears were frozen and/or dried to 8 to 12 9% moisture
under various conditions (table I) to provide lots
with a wide range of germination percentages. Seeds
were not disinfected because of possible danger of
the fungicide affecting the metabolic properties of the
excised embryos. However, lots showing surface
fungal growth during germination did not have sig-
nificantly higher respiratory or enzymatic activities
than others of equal germination which showed no
sign of contamination. Only in the case of lot 24-51a,
which had visible mold damage in the embryo, was
there any evidence that mold activity affected the
measurements reported.

Germination tests were made with 100 seed sam-
ples on moist blotters in an alternating temperature
germinator (9 hr, 30° C, 15 hr, 20° C). Vigor ratings
which estimated speed as well as extent of germina-
tion were calculated as follows. The number of
normal seedlings per 100 seeds counted each day was
multiplied by the reciprocal of the time in days in
the germinator. The values for each day were then
totalled when germination was complete in 7 or 8
days. The cold test was essentially a measure of
germination under adverse conditions, principally low
temperature and exposure to seed-invading fungi.
The method, following that of Svien and Isely (18),
was as follows. Samples of 100 seeds were planted in
a substrate consisting of 1/3 Pythium-infected soil
and 2/3 sand, which was maintained at 60 % satura-
tion. After 1 week at 10° C the temperature was
raised to 30° C and the seedlings counted after 5 days.

Tetrazolium tests were made on 100 seed samples
by soaking for 18 hours at 30° C, bisecting longitudi-
nally, and exposing cut side down in 0.05 % 2,3,5-
triphenyltetrazolium chloride in the dark for 2 hours.
To be classified as viable, normal staining of the
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plumule, scutellar node, and central area of the scu-
tellum was required (9).

For enzymatic and respiratory measurements
seeds were soaked in water for 18 hours at 30°C,
embryo side down. At this stage of germination the
sceds appeared to be fully imbibed but only rarely
had the radicle emerged. Embryos of 50 seeds were
excised with a small spoon-shaped spatula, bisected
longitudinally, and cut into approximately 0.5 mm
slices which were kept in an ice bath. The slices then
were washed, mixed, and blotted dry, and approxi-
mately 34 of the sample was weighed and used for
enzymatic assay, and the remainder was used for
respiratory measurements. For the former, the slices
were ground cold in 0.02 M, pH 8 phosphate (Na,-
HPO,~KII,PO,) in a glass homogenizer to make a
10 9% homogenate on a fresh weight basis. This was
centrifuged cold at 1000 x g for 8 minutes to remove
cellular debris, and part of the supernatant was used
for dehydrogenase assay. Previous work (19) had
shown that essentially all the malic and alcohol de-
hydrogenase activity was in this fraction. The re-
mainder was centrifuged cold at 20,000 x g for 1 hour
to sediment the particle fraction containing cyto-
chrome oxidase. The latter was suspended in 0.02 M,
pH 7 phosphate and both enzyme fractions were
stored in an ice bath until assayed.

Both oxidase and dehydrogenase activity were de-
termined by a rapid colorimetric technic, the former
based on that of Ginter and Smith (4) and the latter
developed earlier in the present study (19). Condi-
tions adopted for malic dehydrogenase assay were as
follows: 0.032 M, pH 8 phosphate (Nay,—K), 0.04 M,
pH 8 malate, 2.9 x 104 M diphosphopyridine nucleo-
tide (Schwarz), 1.08x 105 M oxidized dye (2,6-di-
chlorobenzeneoneindo-8’-chlorophenol, Eastman), 0.1
M, pH 8 cyanide, sufficient pig heart diaphorase (19)
to saturate the system, and sufficient diluted enzyme
solution and water to make a total volume of 2.5 ml.
The conditions for alcohol dehydrogenase were the
same except for 0.14 M alcohol and 0.08 M, pH 8
semicarbazide in place of malate and cyanide. The
conditions for cytochrome oxidase assay were as fol-
lows: 0.04 M, pH 7 phosphate (Nay,—K) 7.2x105 M
reduced dye (4), 1.4x 103 M cytochrome ¢, sufficient
catalase to destroy HoO, in the dye, and enough
enzyme suspension and water to make a total volume
of 2.5 ml. The stock enzyme preparations were
stable for several hours at 0° C, but after dilution at
30° C they were unstable and were used within 3 to
4 minutes and 1 to 2 minutes for the dehydrogenases
and oxidase, respectively.

Reaction rates were determined at 30° C by opti-
cal density readings taken at 5 second intervals for
a 1 to 2 minute period (17). Four concentrations of
each enzyme preparation were used and proportion-
ality curves were plotted to determine average rates
and to correct for blanks, when necessary, by extra-
polation to zero enzyme concentration. For compari-
son with the manometric data, rates were expressed
as Q values, equivalent microliters oxygen uptake per
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mg dry weight per hour. Dry weight of slices cor-
responding to the two enzyme fractions was calculated
from the fresh weight of slices homogenized and the
water content of slices determined on equivalent ma-
terial by oven-drying at 100° C.

Respiratory activity of slices suspended in 0.05 M,
pH 6 phosphate (Na,—K) was measured in 50-ml
Warburg flasks, using an O, gas phase in the O, and
aerobic CO, measurements (Qo, and Qo,, Tespec-
tively) and purified tank N, for anaerobic CO,
measurements (Q¥gg,). Aerobic CO, evolution was
by the two flask direct method. Gas exchange rates
were linear for the one hour observation period and
no significant change in bound CO, was observed.
All indices of respiratory capacity are expressed as Q
values, based on oven-dry weight of slices after re-
moval from flasks.

It should be recognized that this conventional
technic for determining tissue respiratory capacity
measures neither the respiration of the embryo in
the intact corn seed nor the maximum capacity of the
tissues. Removal of the embryo from the kernel and
reduction to slices increased respiratory rates several
fold. Furthermore, slices on wet filter paper showed
further increase in O, consumption and CO, evolu-
tion of 259% and 70 %, respectively, as compared
with slices submerged in buffer, even with an O,
atmosphere. A full understanding of the significance
of these physical factors on corn embryo respiratory
capacity will require further study, but for the pres-
ent study of relative respiratory capacities of various
seed lots the technic described proved adequate.

ResuLts AND CONCLUSIONS

The treatments and viability analyses of the 31
lots are summarized in table I. Cold test results
were lower than germination percentages only in
those lots dried at elevated temperatures. The same
lots did not have correspondingly lower vigor ratings;
so the difference in their behavior under favorable
and unfavorable conditions did not appear to be
due to growth rate. The variation in vigor ratings
among lots germinating 98 to 100 % indicated differ-
ences in speed of germination. For all lots, except
those germinating close to 0 and 100 %, of course,
the tetrazolium test gave higher values than the ger-
mination test. The treatments involved in these lots
apparently caused more damage to metabolic mecha-
nisms essential to germination than to those involved
in tetrazolium reduction.

The respiratory capacity and enzymatic activity
data presented are the means of two analyses based
on 50-sced samples. With the exception of cyto-
chrome oxidase the 3 corn varieties used showed no
significant differences in respiratory or enzymatic ac-
tivity, so the data have been pooled. An estimate of
variability, due largely to sampling rather than an-
alytical technie, is given in table II, along with means
for lots of high germination to indicate the levels of
activity for viable seeds in the corn varieties studied.

It is first of interest to examine the changes in
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TaBLE 1

TREATMENTS AND VIABILITY INDICES

Corp TerrR VIGOorR

Lot TREATMENT GE;M TEST TEST RAT-
° G%** Yt ING*®
16-51a R.D. (room dried) 100 100 ... 254
23-51b R.D 100 100 100 194
11-52 R.D 100 985 100 278
7-51a R.D. 100 97 99 269
12-51a 65 hrs, 40° C 100 68 100 273
3-51b R.D. 99.5 100 100 249
7-52 18 hrs, 2°C; R.D. 99.5 995 100 232
4-51a R.D. 99.5 98 100 215
15-51b R.D. 99 99 100 208
8-51b R.D. 99 96 99 228
12-52 68 hrs, 50° C 985 91 100 274
6-52 R.D. 98 100 99 231
14-51a 65 hrs, 40° C 975 21 99 223
11-51b 68 hrs, 40° C 955 42 100 178
13-51b 65 hrs, 40° C 90.5 31 100 162
1-52 4 hrs, -7°C; R. D. 89 885 95 197
5-52 72 hrs, 50° C 72 2.5 98 172
24-51a R.D. 55 45 75 150
1-51a  Frozen in field; R.D. 515 55 62 107

14-52 8 hrs, -7° C; 100 hrs,
50° C 445 255 60 113
3-52 12 hrs, -7° C; R.D. 43 38 60 113
2-51b  Frozen in field; R.D. 395 41 54 86
9-52 16 hrs,—-7°C; R.D. 39 445 67 115

10-52 16 hrs, - 7° C; 100 hrs,
45° C 30 75 60 75

8-52 18 hrs, 2° C; 110 his,
0° C 29 7 50 52
13-52 8 hrs, -7°C; R. D. 255 26 33 78

4-52 12 hrs,-7° C; 114 hrs,
50° C 18 15 45 3.2

2-52 4 hrs, -7° C; 114 hrs,
50° C 9.5 0 40 1.7
5-51b 16 hrs, -7°C; R. D. 1 0 0 02

10-51b 16 hrs, —7° C; 74 hrs,
40° C 1 0 0 o1

18-51b 65 hrs, 40° C 0 0 0 0

* Two 100-seed samples.

** One 100-seed sample for “51” collections, two for
“52” collections.

T One 100-seed sample.

respiratory and enzymatic activity in the early stages
of germination, during which the standard 18-hour
sample was taken. Table III summarizes such data
for a typical high germinating lot of corn. It should
be pointed out that the “0 hour” sample actually
represents slices from dry embryos suspended in
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TasBLE II

RESPIRATORY AND ENZYMATIC ACTIVITIES OF
CorN EMBRYOS

MICROLITERS PER HR PER MG DRY WT

A% B*
Q02 weviiia 3.83 + 042 0.27
Qo0 vevviin 214 + 031 0.19
[ 1.79 =020 0.15
Malic dehyd ......... 211 +=24 19
Alcohol dehyd ....... 447 +63 6.5
Cytochrome oxidase .. 0.59 = 0.22 0.19
RQ* . ... ... ..... 0.58 =+ 0.06
F/R*x ... ... ..... 0.86 =+ 0.13

* A. Mean =+ stand. dev. for 13 lots, germ. 98 to 100 %.

B. Stand. dev. of mean diff, for duplicate samples of
all lots.

** C. Mean = stand. dev. for 27 lots, germ. above 10 %.

aqueous medium for about one hour before measure-
ments began. During this period the cells probably
became fully imbibed and respiration was rapidly
activated. It is assumed that “0 hour ” activity was
the potential respiratory capacity of the dormant
seed since no further increase in respiratory rate
occurred during the subsequent 2 hours in the War-
burg flasks. The small increases in dry weight per
embryo during the 27-hour period were of doubtful
significance because of incomplete excision of scutellar
tissue, especially at “ 0 hour ” and possibly at 9 hours.
Because of the lower activity of scutellar tissues, how-
ever, it could be estimated that this loss did not affect
the Q values by more than 5 %, even with “ 0 hour ”
seeds. The protein nitrogen content of slices also re-
mained essentially constant during the 27-hour period.

Respiratory capacity increased steadily through-
out the 27-hour period with no marked change in
RQ. In the beginning this increase was probably
due primarily to activation of existing enzymes. Some
cell enlargement probably occurred before 18 hours
and cell division began shortly afterward (14).
Though no net protein synthesis was found, it is
likely that considerable enzyme formation occurred
between 18 and 27 hours. With the two dehydro-
genases the only significant increase in activity came
in this period. Cytochrome oxidase activity, on the
other hand, increased most in the first 9-hour period.

TasLe 111
ErrFECT OF TIME OF SOAKING ON THE RESPIRATORY AND ENzYMATIC ACTIVITY oF EMBRYO SLICES
DRY WT PER Maric ArcoHor Cyr
Hrs soAkED EMBRYO * (MG) Qo,** Qoo, RQ DEHYD ** DEHYD T OXIDASE T

0 23.7 144 0.93 0.65 15.9 354 041

9 25.5 230 134 0.58 16.2 342 0.71

18 26.9 3.90 2.26 0.58 16.6 38.9 0.75

27 279 5.32 2.85 0.54 24.7 474 081

* Dry wt are averages of 15 determinations cxcept at “0 hour” which is 5. o
** Respiratory rates are ul gas exchange per mg dry wt per hour, aver. of 3 determinations.
T Enzymatic activities are equivalent ul O. uptake per mg dry wt per hr, aver. of 3 determinations.
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As far as the present data go, it appears that the
18-hour sample occurred at a time when activation
of existing enzymes was complete and new enzyme
synthesis was underway. It is also evident that sub-
stantial amounts of respiratory enzymes were already
present in the dry seed.

The relationship among the metabolic and viabil-
ity indices must be examined in terms of sample
means of the various lots, and this is most conveni-
ently done by the following graphical comparisons.
Ultimately, it would be desirable to know the rela-
tionship between the metabolic activity of individual
seeds and their ability to germinate, and some infer-
ence in this regard also may be possible. This was
attempted by comparing the variation in metabolic
indices among the lots with germination with what
would be expected if all live seeds retained maximum
metabolic activity and all dead seeds had none. This
would result in a linear regression line from 0 %
germination and 0 metabolic activity to 100 9% ger-
mination and maximum metabolic activity, referred
to hereafter as the “all or none” relationship.

Figure 1 shows that oxygen consumption of the
various lots at 18 hours was closely related to the
germination percentage. The major deviations from
a linear correlation were with the mold damaged
sample 24-51a and 3 lots, 3-52, 9-52, and 13-52, which
contained a large number of seceds which initiated
growth but failed to produce normal seedlings and
were not counted as germinated. These seeds proba-
bly had nearly normal respiratory activity at 18
hours. With these exceptions, and on the “all or
none ” basis, the data indicate that individual seeds
would not germinate if their respiration was much
below normal at 18 hours and furthermore that non-
viable seeds in most cases had little or no respiratory
activity at that stage. The respiratory quotients and
F/R ratios (QNcos/Qco,) varied little with germina-
tion percentage (table II) down to below 10 9, where
analytical errors became serious. This indicated that
both aerobic and anaerobic CO, evolution varied with
germination like O, consumption; so that there was
no evidence of differential inhibition of CO, evolu-
tion and O, consumption mechanisms.

Figure 2 shows that malic dehydrogenase activity
decreased with germination percentage in a roughly
linear fashion, again with the exception of the 4 lots
cited above. However, enzyme activity did not de-
crease to the same extent as germination percentage.
This is particularly evident in the lots which had con-
siderable enzyme activity remaining but contained
few viable seeds. It appeared that individual seeds
could not have lost appreciable malic dehydrogenase
activity and remained viable, but at the same time
nonviable seeds may have retained considerable ac-
tivity.

A somewhat similar relationship between alcohol
dehydrogenase activity and germination percentage
is shown in figure 3, with two noteworthy differences.
First, there was less evidence of enzyme activity in
nonviable seeds, though some lots in the 10 to 40 %
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germination range had somewhat higher enzyme ac-
tivity than would be expected from the germination
percentage (“all or none” basis). Also, as in the
case of malic dehydrogenase, the 3 lots with abnormal
seeds had high alcohol dehydrogenase activity. Sec-
ond, 3 lots in the region of 50 9% germination had
such low enzyme activity that some seeds must have
suffered very severe reduction in activity without los-
ing viability. On the whole, alcohol dehydrogenase
seemed to be more sensitive than malic dehydrogenase
to the conditions causing lowered viability, but there
was less likelihood that it was the limiting factor.

The greater variability of cytochrome oxidase in
relation to germination is evident in figure 4 as well
as in table II. This was partly due to varietal dif-
ferences, but the data also indicated that some seeds
may have had much reduced oxidase activity and still
remained viable.

It was of interest to compare the indices of meta-
bolic activity with the cold tests, vigor ratings, and
tetrazolium tests of the various lots. No correspond-
ing decreases in metabolic activity were found which
might explain those cold test results which were lower
than the germination percentages. Similarly, no evi-
dence was found that any of the metabolic indices
were more closely correlated with vigor rating (speed
of germination) than with extent of germination. In
the case of the tetrazolium test, however, lots which
had high tests in comparison with the germination
percentage also had relatively high dehydrogenase ac-
tivities. This would be expected if tetrazolium reduc-
tion were limited by dehydrogenase activity.

Graphical comparison of enzymatic activities and
respiratory capacities also provided some evidence on
the extent to which the enzymes measured may have
limited respiration as well as germination. The wide
variation in oxidase activity in lots of high Qq, values
(fig 5) shows that cytochrome oxidase probably did
not limit O, consumption except perhaps in lots of
very low O, consumption. On the whole, the oxidase
activity found was sufficient to support less than half
the observed O, consumption, which indicated that it
may not be the principal terminal oxidase in corn
embryos.

Figure 6 shows that the correlation of malic de-
hydrogenase activity with O, consumption was much
higher than in the case of the oxidase, though it is
clear that considerable activity must have remained
in nonrespiring seeds. For this reason and because
the level of malic dehydrogenase activity was many
times greater than that necessary to account for the
observed O, consumption, it seems probable that this
dehydrogenase was not limiting respiration but was
merely highly correlated with another enzyme or
other enzymes which did.

A similar comparison of alcohol dehydrogenase
activity and anaerobic CO, evolution in figure 7
shows a rough proportionality, with the exception of
the 3 lots previously mentioned which were very low
in enzyme activity but in which about half the seeds
were viable. As with malic dehydrogenase, the al-
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Fig. 7. Relationship of alcohol dehydrogenase activ-
ity to anaerobic CO: evolution.

cohol dehydrogenase activity found in almost all lots
was much higher than necessary to account for an-
aerobic respiration, even if it were purely alcoholic.
It is improbable, therefore, that this dehydrogenase
was limiting.

Discussion

Within the limitations of analyses using multiple
seed samples, the evidence presented indicates that
most seeds which failed to germinate had negligible
respiratory activity at the 18-hour stage of germina-
tion. However, 3 lots contained a considerable num-
ber of seeds which apparently had nearly normal
respiratory activity at this stage but did not germi-
nate normally. The occurrence of such seeds, of
course, would limit the accuracy of any quick via-
bility test based on respiratory activity of the whole
embryo at an early stage of germination.

Of the 3 respiratory enzymes measured, malic de-
hydrogenase activity was most closely correlated with
both O, consumption and germination percentage.
However, the high level of activity found and the
pattern of variation among lots with respect to both
respiration and germination made it unlikely that
this enzyme limited viability in most seeds. The pat-
tern of variation in alcohol dehydrogenase with res-
piration and germination was somewhat different, but
again there was little evidence that this enzyme
played a limiting role in metabolic processes control-
ling growth. The very low level of cytochrome oxi-
dase activity and the great variability with respect to
both O, consumption and germination indicated that
the oxidase had little significance in limiting varia-
bility in the corn samples involved in this study. Not
only was the oxidase activity low in comparison with
O, consumption but it was only about 1/3 that found
by Maxwell (12) by a manometric method at about
the same stage of germination. The present colori-
metric method had previously yielded activities equal
to or greater than the manometric method on corn
root tips (4) and rat organs (17) so the disagreement
with Maxwell’s report is probably due to varietal
differences.

The relationship observed between the 2 dehydro-
genase activities and germination percentages sug-
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gested a possible explanation for the higher values in
the tetrazolium test than in the germination test.
Dehydrogenase activity in many lots was higher than
would be expected from the germination data on the
“all or none ” basis. In other words, dehydrogenase
activity was not reduced as much, or in as many
seeds, as was the activity of another enzyme (or en-
zymes) which did limit growth. If tetrazolium reduc-
tion, then, was controlled by dehydrogenase activity,
particularly malic or alcohol dehydrogenase, the tetra-
zolium test would be expected to overestimate viabil-
ity. Similar high tetrazolium results have been re-
ported by Goodsel (5) and Bennett (3) with frozen
corn.  While such observations do not disprove the
general value of the tetrazolium method, they do
emphasize the caution necessary in its use where seeds
may have been subjected to freezing and artificial
drying.

Since cold tests measure ability of corn to germi-
nate under adverse conditions, lots having low cold
tests might be less vigorous than lots with high cold
tests but with similar germination percentages. Fur-
thermore, the former might be expected to show re-
duced respiratory capacity. Our tests, however, gave
no evidence of relationship of cold test with vigor
rating or with respiratory activity. Other factors
affecting growth or susceptibility to soil fungi must
have been involved. It is interesting to note that
the cold test results were lower than germination per-
centages only in those lots which were oven dried at
elevated temperatures. This is in agreement with
earlier reports of Livingston (11) and others that
artificial drying of seed corn caused greater sus-
ceptibility to soil organisms.

While the present results support the hypothesis
that breakdown in the respiratory machinery may be
an important cause of the loss of viability, it is clear
that more extensive study and probably more refined
technies will be necessary to determine the extent to
which this is true and to locate the site of breakdown.
The multiple seed samples necessary in the present
technic did not allow an adequate evaluation of varia-
tion among individual seeds. It may be necessary,
therefore, to employ a method for comparing en-
zymatic and metabolic activities with ability to grow
on individual seeds. In fact, from the topographic
nature of the tetrazolium test it may be desirable to
confine the metabolic measurements to critical parts
of the embryo. Scaling down of the present mano-
metric and colorimetric technics appears feasible,
especially with corn seeds, so that metabolic analyses
might be performed on half seeds, but there is still
insufficient evidence as to whether a valid growth
determination could be made on the other half. Such
technics, however, would be very useful in investigat-
ing the metabolic factors controlling tetrazolium re-
duction in embryo parts.

SUMMARY

Changes in respiratory capacity and in the activity
of malic and alecohol dehydrogenase and cytochrome
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oxidase of corn embryos were measured during the
early stages of germination. These metabolic indices
at the 18-hour stage were compared with the germi-
nation percentage, tetrazolium test, vigor rating, and
cold test of 31 lots of corn of varying viability. Loss
of viability appeared to be closely associated with
respiratory failure in most seeds. Malic dehydro-
genase activity was more closely correlated with ger-
mination percentage and respiratory capacity than
that of the other 2 enzymes, although considerable
malic activity was retained in nonviable seeds. It is
doubtful whether inactivation of these 3 enzymes was
a major cause of loss of viability, but it appeared
likely that dehydrogenase activity was more closely
correlated with tetrazolium reduction than with ger-
mination percentage. Variations in respiratory me-

tabolism did not explain the differences between

germination percentage and cold test or vigor rating.
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GLUCOSE DISSIMILATION IN THE HIGHER PLANT.
EFFECT OF AGE OF TISSUE .2

MARTIN GIBBS ano HARRY BEEVERS

DEPARTMENT OF B1oLogY, BROOKHAVEN NATIONAL LaBoraTORY, UPTON, LONG IsLaAND, NEw YORK, AND
DEePARTMENT OF Brorocicar SciENCES, PURDUE UNIVERSITY, LAFAYETTE, INDIANA

We have recently deseribed a series of experiments
(4) from which it was concluded that a sequence of
glucose breakdown other than that of glycolysis by
the Embden-Meyerhof-Parnas (E.M.P.) pathway
plays a part in the respiration of several plant tissues.
There were indications from this work that an alter-

1 Received January 28, 1955.

2 Research was carried out at the Brookhaven Na-
tional Laboratory under the auspices of the U. S. Atomic
Energy Commisison. Some of the experiments carried
out at Purdue University were supported by a grant
from the National Science Foundation to Harry Beevers.

native method of glucose dissimilation (Warburg-
Dickens, Direct Oxidation pathway) was particularly
prominent in the older aerial parts of plants and by
contrast the respiration of a highly meristematic tis-
sue (corn root tip) was shown to occur exclusively by
the classical glycolysis sequence (5). In this paper
we will present evidence, obtained from experiments
with a wide variety of plant parts of different ages
that in juvenile and undifferentiated tissues generally,
the E.M.P. sequence is of major importance, but that
as the tissue ages, the Direct Oxidation pathway
comes to play an increasingly important role.



