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A 10-min irradiation with red light (R) of ‘Grand Rapids’ lettuce {(Lactuca sativa
L.) seeds increased respiratory rates (QOs and QCOs) over those of far red (FR)-
irradiated seeds within 2 to 3 hr. Differences in respiration between R- and FR-
irradiated seeds became more pronounced with time. The respiration, in darkness
at 25°C, of seeds air dried after germination promoting impregnation treatments with
L0 mm GAg+0.5mum kinetin in acetone was stimulated slightly by the 6th hour after
planting and markedly by the 12th and 24th hour. Results with seeds in GAg-kinetin
dissolved in water were similar. ABA, which inhibits germination and seedling growth,
prevented stimulation in respiration of light-induced seeds. ABA also repressed res-
piration when used with GAg+-kinetin. The germination and growth retardant,
isopropyl N-(3-chlorophenyl) carbamate (CIPC), did not affect the respiration of either
R- or FR-treated seeds. A comparison of the effects of chemical and light treatments
on respiration indicate that chemical and photocontrol mechanisms are not identical.

Relationships between respiration and seed vigor have been reported for
many crops (9, I3, 14, 17). Lettuce seed respiration was promoted by light treat-
ments promotive to germination (4, 7) and inhibited by germination inhibitors (3).

Light responses of seeds may be influenced by temperature (15) and by
treatment of the seeds with cytokinins, gibberellin, abscisic acid (5) and coumarin
(3). Khan (5) proposed that, in seeds, cytokinins permit GAs activity in the
presence of ABA.

Use of organic solvents (6, 10, 1I) permit impregnation of dry lettuce seeds
with germination stimulators and inhibitors prior to imbibition. Although it has
been suggested that organic solvents and the chemicals they carry do not reach
embryo tissues (I, I6), light-requiring lettuce seeds impregnated with GAg germi-
nated in darkness whereas others impregnated with ABA failed to germinate in
light (6).

Germination of light sensitive seeds may be either initiated or prevented by
light. The far-red absorbing form of phytochrome, Py, initiates germination and
the red absorbing form, Py, prevents germination (2). We report the effects of

Abbrex}iations: ABA, abscisic acid; CIPC, isopropyl N-(3-chlorophenyl) carbamate; GAg,
gibberellic acid; R, red light, 600-660 nm; FR, far-red light, 700-750 nm.
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P¢r and P; actions and of germination promotors and inhibitors on respiration of
‘Grand Rapids’ lettuce seeds.

Materials and methods

Seeds of lettuce (Lactuca sativa L., cv. Grand Rapids) stored at —18°C in sealed
glass jars at about 89, seed moisture were used throughout.

Respiration was measured sequentially with a Gilson differential respirometer
for up to 24 hr after the start of imbibition. Results are expressed as ul Og uptake
or COg evolution hr=1 100 seeds™. Specific conditions of vessel size, amount of
solution and number of seeds per vessel, temperature, aeration, etc., are given with
the appropriate figures and tables. Seed numbers from 25 to 100 per reaction
vessel and vessel size (e.g., 5- or 15-ml) did not influence apparent respiratory
rates of lettuce seeds, and Og content of the flasks was not allowed to decrease by
more than 5%, of the original concentration. Because radicle emergence started
between the 12th and 16th hour, readings on the light-promoted seeds were not
usually made beyond the 12th hour.

Germination was tested on replicates of 50 or 100 seeds per petri dish. The
seeds were planted on two filter papers with 7.5 ml water or test solution. Ger-
mination was scored after 28 and 48 hr at 20°, 22° or 25°C. Germination in the
respiratory vessels was scored at the 25th hour. Seeds were held in total darkness
except during specified light treatments. Seeds were irradiated with red light (R)
at ambient temperature (about 25°C). The light was frem 2.44-m, slimline, T8
cool-white fluorescent lamps filtered through 2 layers of red cellophane. The
broad band R radiation (600-660 nm) at seed level of 1 m was 0.6 mW cm™2.
For irradiation with far-red (FR) at ambient temperature, light from three 300-
watt incandescent flood lamps was filtered by 2 layers each of red and blue cellophane
and 10 cm of water. The broad band FR (700-750 nm) radiation at seed level
of I m was 0.75 mW cm~2. In experiments given in Tables 2 and 3 unfiltered
fluorescent light of about 430 lux was used intermittently for about 209, of the
time.

Seeds were impregnated for 4 hr with 1.0 mm GA3+0.5 mum kinetin, 0.2 M
ABA, and 0.2M ABA-+1.0mM GA3+0.5 mm kinetin in acetone according to
Meyer and Mayer (10) and Khan (6). The seeds were then decanted and air-
dried overnight. In some tests aqueous solutions of GAs, kinetin, and ABA were
added to the petri dishes or respiration vessels.

Results and discussion

Seeds given continuous R during the first 3 hr of imbibition had greater
respiratory rates than did seeds given 5 min of FR at the end of a 3-hr dark imbibition
(Table 1). Likewise, seeds given continuous R during the first 12 hr of imbibition
had greater respiratory rates than those of the dark controls (Table 1). The above
results show a definite promotive effect of R on seed respiratory rates 4 to 5 hr
after the start of imbibition. This is well in advance of radicle emergence, which
was not evident until after 12 hr. The increase in respiration of R-treated seeds
agrees with results of Hagen et al. () for Oz uptake.
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Table 1 Influence of light treatments on respiratory rates of Grand Rapids lettuce (Lactuca sativa L.) seeds

Hr after planting Oxygen Uptake (ul Og hr-1 100 seeds~1)
Air Air
(0-3 hr R)* (0-3 hr dark, 5 min FR)*

4-5 34 28

6-7 29 22

8-9 31 21
Germination, 48 hr 999,° 3%

~ (0-12hrR)° (0-12 hr dark)®

12.5-13.5 38 31
14.5-15.5 47 36
16.5-17.5 53 39
Germination, 48 hr 999%° 519,

“ Each 5-ml vessel at 20°C contained 0.3 ml HyO and 25 seeds on a paper ring. Data are means of
5 reps.

? Germination on filter papers in petri dishes at 20°C, with same light conditions as for respiration.
Means are of 3 reps of 50 seeds each.

° Each 15-ml vessel at 20°C contained 0.5 ml HsO and 50 seeds on a paper ring. Data are means

of 5 reps.
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Fig. 1. Respiration as COg evolution of R- and FR-treated Grand Rapids lettuce (Lactuca sativa L.) seeds.
Seeds were imbibed in water and given 10-min R or FR at 2.5 hr. COs evolution was measured at
hourly intervals between 4 and 12 hr after wetting. Each 15-ml flask contained 0.4 ml HyO and
100 seeds on a filter paper ring. Measurements were at 22°C in air or in 1009% Os. Data points
are means of 4 replicate samples. --A--, R in 100% O3; -@-, R in air; —-—v¢——, FR in 1009,
Og; ~-—%--—, FR in air.
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Fig. 2. Respiration as Oz uptake of R- and FR-treated Grand Rapids lettuce seeds. Same as Fig. 1, except
respiration was measured as Og uptake, and data points are means of 5 replicate samples.

Tests were conducted to determine how soon differences in respiratory rates
could be detected after the light treatments. When seeds were exposed to 10
min of R or FR 2.5 hr after wetting, differences in respiration were observed within
only 2.5 hr after the R treatments for COgz evolution (Fig. 1) and 3.5 hr for O
uptake in air (Fig. 2). Differences between R- and FR-treated seeds became more
pronounced with time. These results show that changes in respiratory rates are
among the first changes to be observed after germination-influencing light treat-
ments, and they extend earlier observations on Oz uptake (4) to include COg
evolution. Likely, conditions that favor the onsei of germination (R), increase
respiratory rates because of the heightened metabolic activity of the seeds.

If Oy were rate limiting for respiration due to diffusion barriers, then differences
in respiratory rates between promotive and inhibitory light treatments might be
partially masked. We therefore, measured respiration in 1009, Oz as well as in
air to reduce possible diffusion barriers. Preliminary tests showed that 1009, O
did not inhibit germination. Differences in Og uptake between R- and FR-treated
seeds were observed sooner in 1009, Og than in air and, with R-treated seeds,
became much more pronounced with time (Fig. 2). Rates of COg evolution of
FR-treated seeds increased neither in 1009, Og nor with time (Fig. 1). Respiration
of the FR-treated seeds decreased after 8-10 hr. Hagen et al. (4) and Leggatt (7)
observed a similar break in respiration of germination-inhibited seeds.

Respiration in darkness of seeds impregnated with GAg-kinetin was greater
than that of the controls by the 6th hour (Table 2). Germination of the impregnated
seeds in darkness was aiso greater than that of the untreated controls (Table 3).
Respiration of the acetone controls was similar to that of untreated controls except
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Table 2 Influence of impregnation with chemicals that promote and inkibit germination on respiration of Grand
Rapids lettuce (Lactuca sativa L.)

Oxygen uptake (ul Oz hr-1 100 seeds—1) ¢

o Light? ) Dark
Treatment 9hr  4hr  6hr 1%hr ohr  4hr  6hr 12hr 94hr
Control, no treatment 38 46 44 51 36 46 37 39 49
Acetone control 41 47 46 60 37 44 34 34 42
1.0 mm GA3-+0.5 mm kin 43 50 51 63 40 44 44 72197
0.2 M ABA 42 50 47 49 44 43 40 60 35
0.2 M ABA-+0.5 mm kin
1.0 mm GAs 44 49 47 50 39 42 39 60 49
- 7 ;(‘]OZ evolution (ul COs h;“l 100 set;ds‘l)“ )
Control, no treatment 33 41 36 48 22 34 31 34 34
Acetone control 34 41 37 56 25 35 31 39 27
1.0 mm GA3+0.5 mm kin 34 41 44 58 30 35 37 58 159
0.2 M ABA 35 42 39 44 28 34 32 44 20

0.2 M ABA-+0.5 mu kin

1.0 ma GAs 41 43 41 45 24 33 32 43 39

* Respiration measurements were in air on 50 seeds per 15-ml flask with 1.0 ml H2O at 25°C. Im-
pregnation treatments were: acetone control, 1.0 mm GA3+0.5 mu kinetin, 0.2 M ARA, and 0.2 m
ABA+1.0 mm GA3+0.5 mum kinetin.  Data are means of one experiment of 3 replicates (light) and
two experiments of 3 replicates each (dark).

’ Unfiltered fluorescent light of about 430 lux 20 percent of the time.

for a possible slight stimulation at 12 hr in light (Table 2). Acetone slightly
increased germination in darkness and did not affect the response of the seeds to R.
The respiration of seeds impregnated with 0.2 ABA was the same as for controls

Table 3 Influence of promoting and inhibiting chemical treatments on Grand Rapids lettuce (Lactuca sativa
L.) seed germination®

Percent Germination
R Hr

"Impregnation with chemicals® in acetone Chemicals? dissolved in water
Control ABA-+  Control

Treatment  Seed of

(i) b reading () comtl bincin ABA Gy no g (el AB
0 Resp. vessel 25 15 33 88 0 1 15 53 0
0 Petri dish 28 — — — — — 22 86 0
0 Petri dish 48 16 30 100 16 86 24 96 0

Int. Resp. vessel® 25 90 96 93 0 7 90 89 0
2 Petridish? 28 — - - = - 9 92 0
2 Petri dish 48 100 98 98 84 87 98 96 0

¢ Germination values are the means of 4 replicates of 100 seeds each (Petri dishe‘s) or 6 replicates of
50 seeds each (Resp. vessel).

b Concentrations were 1.0 mm GAg3, 0.5 mum kinetin, and 0.2 M ABA.

° Seeds in the respirometer flasks were exposed to intermittent, unfiltered white fluorescent light of
about 430 lux and were at 25°C. Each 15-ml flask contained 1.0 ml water or test solution.

4 Seeds in Petri dishes were exposed to 2 min R after about 3 hr dark imbibition and held at 25°C.
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Table 4 Influence of 30 ppm CIPC on respiration of Grand Rapids lettuce (Lactuca sativa L.) seeds under
germination promotive (R) and inhibiting (FR) conditions
Oxygen uptake (ul Oz hr—! 100 seeds—1)*
Continuous FR 0-2.5 hr; Continuous FR 0-2.5 hr

10-min R

Hr after planting HsO CIPC H:0 CIPC

4 48 46 46 48

5 41 41 40 42

6 48 50 41 42

7 49 47 43 44

8 44 44 34 35

9 55 53 41 44

10 52 52 41 42
Germination, 48 hr® 999, 999, 6% 3%,

¢ FEach 15-ml flask at 22°C contained 0.4 ml HzO and 100 seeds on paper rings. Data are means of
5 replicates for FR+R and of 4 replicates for FR.

b Seeds, 100 per Petri dish, were germinated on blotters with 9 ml H2O at 22°C. Seedling growth
was inhibited about 50% by 30 ppm CIPC; germination at 24 hr was inhibited by CIPC.

in light and, except for 12-hr, in darkness. No germination occurred up to 25 hr
(Tables 2 and 3). However by 48 hr, germination was the same as for the controls
in darkness and only 169, lower than that of controls for R-treated seeds.

In agreement with the R-treatments, chemicals promotive to germination
increased respiratory rates. In contrast to R-treatments, chemical treatments
only slightly increased respiration by 6 hr and effects were not well defined until
12 hr. Although both R and chemical promotors stimulated respiration by 6 hr
and well before germination, it is not clear whether the greater delay after treatment
in effects with chemicals indicates a different site of action, delay caused by chemical
diffusion to active sites, or the inability of seeds to express differences in respiratory
metabolism before 6 hr.

In aqueous 0.2 M ABA solution, no germination occurred at 25°C during the
48-hr test period in either light or darkness (Table 3). The greater inhibitory
effect on germination of ABA in aqueous solution compared with that of the im-
pregnation treatment may indicate either that the impregnation treatment only
brings the test chemical to the outer seed tissues as suggested by Anderson (/) and
Triplett and Haber (I6) or that ABA in impregnated seeds is diluted by excess
water in the substrate. However, impregnation with ABA did suppress germination
over the period respiration was measured. ABA used with GAz-+kinetin also sup-
pressed their promotion of respiration (Table 2) and germination (Table 3). In
48 hr, the dark germination of seeds impregnated with ABA--promoters was the
same as the light germination of ABA impregnated seeds and was not promoted by
R. Germination of seeds in aqueous solutions of GAg-kinetin and of ABA was
similar to that of seeds with the corresponding impregnation treatments, that is
respiration (data not shown) and dark germination (Table 3) were stimulated by
GAgs-+kinetin and inhibited by ABA.

It has been suggested that phytochrome (Pg) acts by derepressing an inactive
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gene, and that no stable intermediate or product mediates between Py and gene
derepression (8, 12). Experiments by Mann and Jordan (12) showed that R did
not promote Grand Rapids lettuce germination above dark controls (about 309%,)
when the germination inhibitor, isopropyl N-(3-chlorophenyl) carbamate (CIPC),
was present. CIPC presumably blocked the action of Py on gene derepression.
With the above mechanism we would not expect a general difference in metabolism
(e.g., in respiratory rates) between R and control seeds in the presence of CIPC.
However, when seeds imbibed under FR in water or in 30 ppm CIPC were given
10 min R at 2.5 hr, CIPC had no pronounced effect on Oy uptake of either R-
stimulated or FR-inhibited seeds (Table 4). The failure of CIPC at germination-
delaying concentrations to suppress the R stimulation of respiration would appear
to contradict the abeve mechanism.

Germination has occurred by 24 hr, so differences in respiratory rates between
the various treatments by this time may be the result, rather than the cause of, the
effects cn germination. Differences in respiratory rates at 12 hr or earlier precede
germination, although metabolic processes leading to radicle protrusion have started.
Effects of the germination-stimulating GA,-kinetin impregnation treatments
on respiration are evident by 6 hr but are not well defined before 12 hr. In contrast
R treatments stimulated respiration within 2 to 3 hr after exposure. This difference
between chemical and light treatments indicates that the mechanisms by which they
control germination might not be identical. In both cases, however, effects on
respiration occur well in advance of germination response.

The authors thank Mrs. Dorothy Humphrey, Ms. Susan Maxon, and Ms. Carla Mora for
technical assistance.

References

(1) Anderson, J. D.: Dichloromethane and lettuce seed germination. Science 179: 94-95 (1973).

(2) Borthwick, H. A., S. B. Hendricks, M. W. Parker, E. H. Toole and V. K. Toole: A reversible
photoreaction controlling seed germination. Proc. Nat. Acad. Sci. U.S.A. 38: 662-666 (1952).

(3) Evenari, M.: The physiological action and biological importance of germination inhibitors.
Symp. Soc. Exp. Biol. XI: 21-43 (1957).

(4) Hagen, C. E., H. A. Borthwick and S. B. Hendricks: Oxygen consumption of lettuce seed in
relation to photocontrol of germination. Bot. Gaz. 115: 360-364 (1954).

(5) Khan, A. A.: Cytokinins: Permissive role in seed germination. Science 171: 853-859 (1971).

(6) Khan, A. A, K. L. Tao and C. H. Roe: Application of chemicals in organic solvents to dry
seeds.  Plant Physiol. 52: 79-81 (1973).

(7) Leggatt, C. W.: A contribution to the study of dormancy in seeds, Lactuca sativa L. Can J.
Res. Sect. C Bot. Sci. 26: 194-217 (1948).

(8) Mann, J.D. and L. S. Jordan: CIPC inhibition of the phytochrome-enhanced germination
of Grand Rapids lettuce seed. (Abs.) Proc. Amer. Soc. Plant Physiol. Sup: p. 18 (1966).

(9) Matthews, S. and M. T. Collins: Laboratory measures of field emergence potential in barley.
Preprint No. 11-S IX, 17th Int. Seed. Test. Assoc. Congress, Warsaw (1974).

(10) Meyer, H. and A. M. Mayer: Permeation of dry seeds with chemicals: Use of dichloromethane.
Science 171: 583-584 (1971).

({11) Meyer, H. and A. M. Mayer: Dichloromethane and lettuce seed germination. Science 179:
96 (1973).

(12) Mohr, H.: Photomorphogenesis. In The Physiology of Plant Growth and Development. Edited
by M. B. Wilkins, p. 508-556, McGraw-Hill, New York, 1969,

NI | -El ectronic Library Service



The Japanese Soci ety of Plant Physiol ogists

8 L. W. Woodstock and V. K. Toole

(13) Mukherjee, J., S. Mukherji and S. M. Sircar: High temperature-induced changes in germi-
nation, seedling vigour and the metabolic activities in rice seeds. Biol. Plant. 15: 65-71 (1973).

(I4) Throneberry, G. O. and F. G. Smith: Relation of respiratory and enzymatic activity of corn
seed viability. Plant Physiol. 30: 337-343 (1955).

(15) Toole, E. H., V. K. Toole, S. B. Hendricks and H. A. Borthwick: Effect of temperature on
germination of light-sensitive seeds. Proc. Int. Seed Test. Assoc. 22: 1-9 (1957).

(16) Triplett, L. L. and A.H. Haber: Dichloromethane and lettuce seed germination. Science
179: 95-96 (1973).

(17) Woodstock, L. W.: Physiological and biochemical tests for seed vigor. Seed Sci. & Technol.
1: 127-157 (1973).

NI | -El ectronic Library Service



