Diurnal Rhythm of Sensitivity of Cotton

Seedlings to Herbicides

Abstract. The inhibition of growth of cotton seedlings (Gossypium hirsutum,
var. Stardel) varied diurnally to applications of three herbicides [1,1-dimethyl-3-
(asasa-trifluoro-m-tolyl) urea, 3',4’-dichloro-2-methacrylamide, and ethyl-N,N-di-
propylthiocarbamate], but not to a fourth [3-(3,4-dichlorophenyl)-1, I-dimethyl-
ureal. Inhibition was strongest when the plants were treated at about daybreak.
The rhythmic response was apparently not endogenously controlled, since most
of the diurnal effect was lost under conditions of constant light and temperature.

Numerous reports of diurnal rhythms
of various physiological functions of
plants and animals have been summa-
rized by Sollberger (/). Among re-
cent reports are rhythms in susceptibil-
ity of animals to administered drugs
and pesticides, including the response
of mammals to several pharmacologic
agents (2), a rhythm of susceptibility
of cotton boll weevils to methyl para-
thion (3), and the diurnal rhythm of
sensitivity of two spotted spider mites
to dimethyl 2,2-dichlorovinyl phos-
phate (4). Our work extends the range
of these observations to include a di-
urnal sensitivity in the growth re-
sponse of cotton seedlings to several
herbicides.

Greenhouse and field tests clearly
show the existence of a rhythm of sen-
sitivity of cotton seedlings grown un-
der natural lighting to applications of
several herbicides after emergence. Fig-
ure 1 shows the results of a typical
greenhouse test. Cotton seedlings (va-
riety Stardel), germinated in sterile
soil in flats, were treated at the age
of 12 days on a moving spray table
with an overhead spray of dicryl (3,
4’-dichloro-2-methacrylamide) at a rate
equivalent to 3 1b of active ingredient
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Fig. 1. The relation of time of treatment
to inhibition of growth of 12-day-old cot-
ton seedlings in the 24-hour period follow-
ing application of dicryl. The vertical lines
show the 95-percent confidence limits for
each point on the graph.
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per acre (3.4 kg/hectare) [15 ml of
emulsifiable concentrate containing 2 1b
of active ingredient per gallon (240
g/liter), at a pressure of 30 1b/in.2 (211
g/cm?) and a table speed of 2%2 miles
per hour (4 km/hr)]. Different groups
were sprayed every 6 hours beginning at
6 a.m. Figure 1 shows the percentage of
inhibition of elongation of the first in-
ternode in the 24-hour period after
treatment and the area of the first leaf
4 days after treatment.

Maximum sensitivity to the herbicide
occurs during the early daylight hours,
with a marked decrease at night. In
four field tests, in which age of the
treated plants and environmental condi-
tions varied widely, diurnal differences
occurred in sensitivity of cotton seed-
lings to dicryl, C-2059 [1,1-dimethyl-
3-[a,aa-trifluoro-m-tolyl) - urea], and
EPTC  (ethyl-N,N-dipropylthiocarba-
mate), but not to DCMU [3-(3,4-di-
chlorophenyl)-1,1-dimethylurea] (Table
1). The seedlings were treated with an
overhead spray, with the conventional
commercial equipment for application,
at 6 am. or 6 p.m. Differences were
measured as fresh weights of samples
(20 plants each) harvested 7 to 12 days
after treatment. Again, maximum sensi-
tivity, when it occurred, was in the
morning.

In order to gauge the endogenous
component of the rhythmic response
to herbicides, further tests were con-
ducted in growth chambers under con-
ditions of controlled temperature and
light. In all tests the seedlings were

grown in a mixture of sterilized soil .

and peat at 27°C. When the seedlings
were 6 days old, they were treated
with dicryl by immersing the plant
top in the solution of herbicide. After
2 hours the leaves were thoroughly
rinsed in distilled water. When grown
in a 12-hour photoperiod, if the treat-
ment was administered in the morning
first and followed 12 hours later by
the evening treatment, the results were

- similar to those experienced in the.

field, that is, the morning treatments

were markedly more inhibitory than
the evening ones. When treatments
were reversed (plants treated first in
the evening) much of the difference
between treatments was lost. Under
continuous light, beginning 12 hours
before the earlier treatment, there was
no significant diurnal effect, even
though the typical “sleep” movements
of the leaves showed the persistence of
an endogenous rhythm.

Two factors should be considered in
interpreting results of tests in the
growth chamber. First, the treatments
were imposed on a moving base; that
is, the plants were actively growing,
and treatments 12 hours apart may
have been applied to plants with phys-
iologically significant differences in de-
velopment. When dicryl was applied
to plants 6, 8, and 10 days old, they
did show a progressive decrease in
sensitivity to the morning treatment
(Table 2). This may explain why, in
studies carried out in the growth cham-
ber, the “diurnal” effect was lost when
the evening treatment was administered
first. It does not explain the rhythmic
response, however, in the field tests,
since the plants varied in age when
treated, and in two of the tests the eve-
ning treatment was administered first
without any apparent influence on the
results.

A second factor is the nature of the

Table 1. Fresh weight of 30-day-old cotton
seedlings 7 days after treatment with herbi-
cides (values are averages of three replica-
tions of 20 plants each). This table is rep-
resentative of four field tests, all with similar
results. N.S., not significant.

Weight (in grams) of Analfysis
ici seedlings treated at o
Herbicide 4 variance
6 a.m, 6 p.m. (P)
Dicryl 53.4 98.4 .01
C-2059 40.6 64.2 .01
EPTC 90.9 199.7 .025
DCMU 46.2 46.9 N.S.

Table 2. Elongation of the first internode and
first true leaf of cotton seedlings in 96 hours
after treatment with dicryl (27°C; 12-hour
photoperiod, 6 a.m. to- 6 p.m.). Values are
means = standard error.

Time Age of plants (days)
of at lengths of

treat-

ment 6 mm 8 mm 10 mm
Untreated control

270+ 22 319+22 343+1.0

Treated seedlings

7 am 101 +15 164+17 21.7+1.0

7 p.m 212 +20 206=*14 25109
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herbicides used. Dicryl was used ex-
clusively in the growth chamber stud-
ies. Since it is active as an inhibitor
of the Hill reaction (5) one would
expect a greater inhibition of growth
during the daylight hours than at night,
and this does occur. The occurrence
of this phenomenon does not explain,
however, why a compound administered
at night is less inhibitory the following
day than it is when administered dur-
ing the light period, unless degradation
or dilution by translocation occurs dur-
ing the night. Of the chemicals tested
dicryl, C-2059, and DCMU are con-
sidered to be inhibitors of the Hill re-
action, but, in contrast to the first two,
DCMU (the most active of the three)
showed no evidence of diurnal activ-
ity. The mode of action of the fourth
chemical, EPTC, is uncertain, but it
is thought to act as a mitotic poison
(6). The basis of its diurnal selectivity
is problematic.

Despite the inconclusive nature of
the tests performed in the growth
chamber, there is a strong diurnal rhy-
thm of sensitivity to herbicides in the
field. The differences are large enough
to warrant consideration of the practi-
cal importance of the time of day at
which chemicals are applied. Prelimi-
nary tests fail to show the same diurnal
response by soybean seedlings, and this
suggests that rhythmic sensitivity might
be used as a selective factor in herbi-
cide action. The rhythmic nature of the
response to the herbicides tested seems
to be caused primarily by one or more
rhythmic environmental factors, since
under constant temperature and light
the rhythm is not clearly defined.
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Photosynthetic Utilization of Internal Carbon Dioxide

by Hollow-Stemmed Plants

Abstract. The hollow stems of wet-meadow and bog plants often contain rela-
tively large amounts of carbon dioxide. The internal carbon dioxide apparently
originates from respiration of root and stem cells. Some of this carbon dioxide
is fixed photosynthetically by stem tissues and is thus recycled within the plant.
Such internal stem photosynthesis would be advantageous, particularly in the
early stages of growth in cold, wet, high-altitude environments.

Many herbaceous plants characteristic
of moist mountain meadows and bogs
have hollow stems. Such a hollow stem
is part of a system of lacunar air pas-
sages which connects the leaves with
the roots. Thus, air and individual
gases can move internally from one
part of the plant to another by diffu-
sion and mass movement through such
a porous aerenchyma (7). We found
that these stems often contain much
higher concentrations of carbon dioxide
than is present in the external air and
that the concentration varies with light
and temperature. There is usually a
carbon dioxide flux upward inside the
stem which originates from respiration
in the roots, rhizomes, and in the rapid-
ly growing stems themselves. Our ex-
periments show that much of this car-
bon dioxide is apparently utilized in

photosynthesis by green-stem tissue and

is thus recycled within the plant.

We first became aware of the carbon
dioxide flux within the stem while meas-
uring photosynthesis and respiration of
plants in wet subalpine meadows at
3100-m elevation in the Medicine Bow
Mountains, Wyoming. These wet mead-
ows are characterized by many species
of grasses, sedges, and dicotyledonous
plants. Typical dicots are Delphinium
barbeyi Huth, Mertensia ciliata (James)
G. Don., and Senecio triangularis Hook.
Plants of all of these species grow very
rapidly after snowmelt in June, and
all have hollow stems with many chloro-
plasts in the cortical tissue. There are
also some chloroplasts in the outer pith
cells.

We extracted gas samples, with a
hypodermic syringe, from the stems of

these plants in the field and injected
the samples into a closed, infrared
gas-analyzer system. The concentration
of carbon dioxide in the stems ranged
from two to over fifty times the carbon
dioxide content in the ambient air.
Shading the plants increased the carbon
dioxide concentration in the stem.

Both carbon dioxide and oxygen
fluxes and gradients have been previ-
ously described in plants growing in wet
habitats (7); the downward flux of oxy-
gen which is derived both from photo-
synthesis and from ambient air through
the stomates has been emphasized. The
oxygen is utilized in root and rhizome
respiration; the aerenchyma serves not
only as a diffusion pathway during the
day, but as a reservior of oxygen at
night.

No evidence for the utilization of
the internal stem carbon dioxide in
photosynthesis has been presented, al-
though such utilization seems likely.
For example, Hartman and Brown (2)
found that the aerenchyma in Elodea
canadensis, a submersed vascular plant
in lakes, acts as a reservoir for carbon
dioxide which is utilized in photosyn-
thesis to such an extent that the internal
supply is depleted by midafternoon.

To investigate possible relations be-
tween internal carbon dioxide and pho-
tosynthesis of subalpine meadow plants,
we measured carbon dioxide exchange
within the stems of plants of Mertensia
ciliata (grown in the greenhouse) by
connecting the internal atmosphere of
the plant with an open infrared gas-
analysis system (3) (Fig. 1). Ambient
air, drawn by polyethylene tubing from
above our laboratory building, could

Table 1. Photosynthesis within the stem of Mertensia ciliata, as indicated by the decrease in
detectable carbon dioxide flux with increase in light.

Light intensity Temperature (°C) Stem CO, Gross ph(zto-
tical f . . flux (ug/ synthesis (ug
on ?irogcﬁl /:1:) ace Soil Stem air Chamber min) cm-? min-1)
Dark 22 18 20 9.7

33 22 20 20 1.3 0.11

36 : 22 21 22 6.8 13

44 22 22 22 6.3 15
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