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Light-stimulated Ethylene Production by Germinating
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Abstract. The degree to which white light stimulated ethylene production in germinating seeds of cucumber
(Cucumis sativus L.) was influenced by the length of time the seed had been germinated in the dark before
being exposed to light. Maximum stimulation occurred when 24 hour old dark-grown seedlings were exposed to
40 pE m? sec! light for 24 hours. Ethylene production increased with the duration and intensity of light expo-
sure at all seedling ages. Neither the light or dark rates of ethylene, or carbon dioxide production, nor their ratios,
were highly correlated with the sexual phenotype of the 9 cultivars examined.

Ethylene has been reported to influence the sexual pheno-
type of cucumber plants (2, 14). Reducing the physiologically
active concentration of ethylene with inhibitors of its synthesis
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or action, or with hypobaric ventilation caused gynoecious
plants of the closely related species Cucumis melo L. to exhibit
more maleness; i.e. to produce perfect flowers as well as pis-
tillate flowers (2). In contrast, elevating the endogenous con-
centration of ethylene by the application of (2-chloroethyl)phos-
phonic acid promoted more femaleness in monoecious lines of
cucumber plants (C. sativus) (11, 18). The natural rate of
ethylene production has been shown to be higher in gynoe-
cious than in monoecious cucumber plants (2, 12, 14). Androe-
cious cucumber plants produced less ethylene than monoecious
plants (16). These phenotypic differences in the rate of ethylene
production were present in 1- to 2-day-old seedlings and gen-
erally persisted in the adult plant.
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Cucumber breeding would be easier if there were criteria by
which the sexual phenotype of the adult plant could be de-
termined in 1- to 2-day-old seedlings of a segregating popula-
tion. If ethylene production rates by single seedlings were
correlated with the sexual phenotype of the adult plant, then
screening for specific rates of ethylene production by germi-
nating seeds could serve this purpose. Rudich et al. (15) found
that the rate of ethylene production in the seedling stage was
not always correlated with the sexual phenotype. In their
study, ethylene production rates by seeds germinated in the
light were measured in the light. No explanation was given as
to why this condition was chosen.

The rate of ethylene production following exposure to light
has been observed either to increase, as in cranberries (3),
etiolated sorghum seedlings (4, 5), rose tissue cultures (10),
and oat seedlings (13), or to decrease, as in rice coleoptiles
(8), bean hooks (9), and etiolated pea seedlings (6, 17). The
phytochrome system has been shown to be responsible for
some of these light-induced changes in the rate of ethylene
production (4, 6, 8, 9). For example, a few minutes exposure
to red light reduced ethylene production from etiolated peas
and rice coleoptiles within 5 hr (6, 8). However, red light may
also cause increased ethylene production, as in lettuce, by
stimulating seed germination rather than by actually stimu-
lating ethylene synthesis (1).

In our study the effect of light on ethylene production by
germinating cucumber seed was investigated to determine if
it was related to the sexual phenotype of the cultivar.

Materials and Methods

Cucumber seeds of the gynoecious breeding lines Gy-2,
Gy-3, Gy-14, and cultivars ‘Femcap’, and ‘Explorer’; of the
monoecious ‘Addis’, ‘Chipper’, and ‘Model’; and of the androe-
cious breeding line MSU 5802A were used in this study. The
seeds were placed on filter paper moistened with distilled
water and germinated at 23° + 1°C in the dark or under Cool
White fluorescent light for 24, 36, or 48 hr. Seedling age will
always refer to the time from the start of imbibition. Uni-
formly germinated seeds were selected and transferred under
dim green light (<0.1 uE m? sec!) to either 10-ml glass syringes
or 10-ml flow-through tubes containing moistened filter paper.
Some containers were covered with aluminum foil to exclude
light. Light intensity was adjusted by varying the distance
between the containers and the Cool White fluorescent lights,
or by placing layers of nylon netting between the lights and the
containers. A model LI-185 Li-Cor Quantum Meter with a LI-
190S quantum sensor was used to measure light intensity.
The containers were maintained at a uniform temperature of
239 + 0.59 in all experiments. The syringes were set to 4 or 10
ml, depending on whether they contained 1 or 5 seedlings, and
capped with rubber serum stoppers. One-ml samples were
taken after 1 hr and analyzed for ethylene and carbon dioxide
as previously described (17). Periodic measurements were made
by ventilating the syringes with humidified, ethylene-free air
between 1-hr accumulation periods. Longer experiments were
conducted using flow-through tubes which were constructed
from glass tubes capped at each end with rubber serum stoppers.
Humidified, ethylene-free air was supplied from a manifold
to each chamber through a thin tube terminating in a hypo-
dermic needle which was inserted in a serum stopper at one end
of the container. Gas escaped through another hypodermic
needle inserted in the serum stopper at the other end of the
container. Removal of both hypodermic needles isolated the
flow-through container during the 1 hr accumulation period.
The needles were reinserted, and a flow of ca. 5 ml min!
was maintained between accumulation periods.

The persistence of light-stimulated ethylene production was
studied as follows. Gynoecious cucumber seeds (Gy-3) were
germinated in the dark for 24 hr and then either left in the
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dark or exposed to 100 uE m? sec! light for an additional 24
hr. Uniformly germinated seedlings were selected and trans-
ferred to glass flow-through tubes. After transfer, the tubes
were kept in the dark and flushed with humidified, ethylene-
free air for 3 hr. The containers were then either kept in the
dark, exposed to 8 uE m? sec!, or 100 uE m? sec! light.
One-half hr ethylene accumulations were measured at the
start of these light treatments and after 1 and S hr.

All experiments were repeated with from 3 to 20 replicates
per treatment. Data were subjected to standard analysis of
variance procedures.

Results and Discussion

The rate of ethylene production by germinating Gy-3 cu-
cumber seeds followed the same general pattern whether the
seedlings were kept in the dark or exposed to light after im-
bibition for 24 or 36 hr (Fig. 1). The maximum rate of ethylene
production from dark controls and from 24 and 36 hr old seed-
lings exposed to light occurred at about 48 hr after imbibition.
Ethylene production then slowly decreased. Seeds imbibed for
48 hr produced less ethylene when exposed to light than seeds
imbibed for 24 or 36 hr.

Subsequent experiments used seedlings which had been
imbibed for 24 hr in the dark before being exposed to light
for an additional 24 hr. Under our experimental conditions,
the radicle emerged from the seed 24 hr after imbibition.
By 48 hr, the radicles of the dark controls had grown to around
4.0 cm in length, while the radicles of the seeds exposed to 100
uE m?2 sec! light had only grown to 1.5 cm. In either case,
the epicotyl hook and peg structure (19) were visible by 48 hr.
An increase in ethylene production might have been expected
prior to radicle emergence since physical restraint of growth
has been shown to stimulate ethylene production (7). However,
this was not the case. The similar trend in ethylene production
by seedlings kept in the dark, or exposed to light at different
ages, suggests that a specific developmental stage may be asso-
ciated with the maximum rate of ethylene production which
occurred about 48 hr after imbibition.

The rate of ethylene production by Gy-3 cucumber seeds
germinated in the dark for 24 hr and subsequently exposed to
light intensities of 0, 6, 24, 40, 80, and 170 uE m2 sec! grad-
ually increased during exposure to light (Fig. 2). Maximum
ethylene production occurred after 24 hr exposure to light,
or dark, and then decreased regardless of light intensity. Ethyl-
ene production was stimulated by as little as 4 hr exposure to
6 uE m? sec!, and was saturated at 4 hr, by exposure to be-
tween 40 and 80 uE m? sec! light (Fig. 2). The maximum rate

100 |
4
24 Hour Light
80
= e0f
hd 48 Hour Light
o
%
S 407t
E 24 Howr Dark
20 48}900!00?‘\\.
OOI' PR P PP .
24 36 48 60 T2

HOURS AFTER IMBIBITION

Fig. 1. Ethylene production from different aged Gy-3 seedlings kept in
the dark, or exposed to 100 pE m?2 sec! light. Each data point is
the mean of 3 replications (flow-through-tube) each containing 5
seedlings.
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Fig. 2. Ethylene production from 24 hr old Gy-3 seedlings exposed to
0(e—e), 6(0—0), 24(m—u), 40(c—=), 80(a—a), or 170 (2—2) uE
m2 sec! light. Each data point is the mean of 3 replications (flow-
through-tube) each containing § seedlings.

of ethylene production occurred 48 hr after imbibition for all
light intensities, and increased with increasing light intensity
until the rate of light stimulated ethylene production at 48 hr
was saturated at 40 uE m? sec! light. A similar peak in carbon
dioxide production was not observed, but rather, for the 68 hr

Table 1. Persistence of light-stimulated ethylene production. See Ma-
terials and Methods section for experimental procedure.y

Light treatments? nl ethylene g1 hrl

0—24 hr 24 —48 hr 48 — 54 hr 48 hr 49 hr 53 hr
Dark Dark Dark 2.1 2.0 2.2
Dark Light Dark 9.5 7.5 54
Dark Light Dim 9.9 7.9 54
Dark Light Light 10.8 8.5 6.6

LSD 5% 2.0 2.2 1.3

ZThe 24 hr old seedlings were exposed to 24 hr of 100 uE m2 sec’!
light (Light), or 8 uE m2 sec! light (Dim). Gynoecious (Gy-3) cucum-
ber seeds were used.

YData are means of 3 replications (flow-through-tubes) each containing
S seedlings.

Table 3. Ethylene production from germinating cucumber seeds of dif-
ferent phenotypes. Rates of production were measured after 24 hr of
germination in the dark, and again after 24 hr exposure to 100 uE
m2 sec™! light.Z

- Light/
14,1 g
Line or nlg hr dark
cultivar Phenotype Dark Light Ratio
Gy-2 Gynoecious 2.9 4.3 1.5
Gy-3 Gynoecious 2.5 6.3 2.5
Gy-14 Gynoecious 34 44 1.3
Femcap Gynoecious 1.6 44 2.7
Explorer Gynoecious 2.2 3.6 1.7
Chipper Monoecious 1.2 2.9 2.5
Model Monoecious 2.6 4.6 1.8
Addis Monoecious 2. 5.7 2.3
MSU 5802A Androecious 2.3 3.5 1.5
LSD5% 1.4 1.6 1.0

ZData are means of 20 replications (Syringe set to 4 ml) each containing
1 seedling.

duration of the experiment its rate of production increased in
a near linear fashion after an initial 6 hr lag period. Light
intensity had no effect on the rate of carbon dioxide produc-
tion during this period (data not shown).

Ethylene production by germinating cucumber seeds, once
stimulated by exposure to light, did not decline rapidly upon
reduction of light intensity, or upon return to darkness (Table
1). Although seeds maintained in light intensities of 100 uE
m?2 sec! always tended to have higher rates of ethylene produc-
tion during the 48 to 54 hr experimental period than seeds
kept in the dark or moved from 100 to 8 uE m? sec?!, these
differences were not statistically significant. This could be
attributed to excessive variability in the rate of ethylene produc-
tion among individual seeds. In uniformly germinated 24 or
36 hr old cucumber seeds which had been exposed to 24 hr of
100 uE m? sec! light, the variability was large and similar
among phenotypes (Table 2). Expressing the data as pl seed!
hr! or as nl g! hr! had very little effect on the degree of
variability .

The rates of ethylene production among the different culti-
vars was often statistically different (Table 3). However, these
differences were not related to the sexual phenotypes of the
cultivars. This was also true for measurements of the rates of
ethylene production in the dark, or in the light, or measure-
ments of the rates of carbon dioxide production in the dark,
or in the light, or combinations of these measurements. Thus,
measurements of ethylene production by cucumber seedlings
as outlined in this paper, cannot be used to predict the adult
sexual phenotype of the plant.

However, germinating cucumber seeds may provide a con-
venient system with which to study the physiology of light

Table 2. Ethylene production from individual germinating cucumber seeds.?

48 hr old seedlings

60 hr old seedlings

Phenotype plseed’! hrl nlg? hrl pl seed’! hr'! nlg!hrl
Gynoecious 531 + 144(27%) 8.7+ 2.4(28%) 364 + 100(27%) 4.2 + 1.0(24%)
Monoecious 324 + 78 (24%) 6.4+ 1.5(23%) 254 + 73(29%) 3.7 £ 1.0(26%)
Androecious 149 £ 40(27%) 2.8 + 0.8(28%) 115 + 41(36%) 2.0+ 0.7(35%)

ZThe 24 hr or 36 hr old seedlings were exposed to 24 hr of 100 uE m? sec! light. Gynoecious (Gy-3), monoecious (‘Addis’),
and androecious (MSU 5802A) phenotypes were used. Values given are the means of 20 replications (syringes set to 4 ml)
each containing 1 seedling, and their standard deviations, and coefficients of variability.
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mediated ethylene synthesis. As we have shown, ethylene pro-
duction by seedlings from genetically different cultivars, re-
sponds differently to light exposure. The variable response to
light of cucumber cultivars may prove useful in delineating the
system responsible for light-stimulated ethylene production.

Literature Cited

1. Abeles, F. B. and J. Lonski. 1969. Stimulation of lettuce germina-
tion by ethylene. Plant Physiol. 44:277-280.

2. Byers, R. E., L. R. Baker, H. M. Sell, R. C. Herner, and D. R. Dilley.
1972. Ethylene: a natural regulator of sex expression of Cucumis
melo L. Proc. Nat. Acad. Sci. (USA.) 69:717-720.

3. Craker, L. E. 1971. Postharvest color promotion in cranberry with
ethylene. HortScience 6:137-139.

4, _, F. B. Abeles, and W. Shropshire, Jr. 1973. Light
stimulated ethylene production in sorghum. Plant Physiol. 51:
1082-1083.

S.—, L. A Standley, and M. J. Starbuck. 1971. Ethylene
control of anthocyanin synthesis in sorghum. Plant Physiol. 48:
349-352.

6. Goeschl, J. D., H. K. Pratt, and B. A. Bonner. 1967. An effect of
light on the production of ethylene and the growth of the plumular
portion of etiolated pea seedlings. Plant Physiol. 42:1077-1080.

7., L. Rappaport, and H. K. Pratt. 1966. Ethylene
as a factor regulating the growth of pea epicotyls subjected to physi-
cal stress. Plant Physiol. 41:877-884.

8. Imaseki, H., C. J. Pjon, and M. Furuya. 1971. Phytochrome action in
Orzya sativa L. IV. Red and far red reversible effects on the pro-
duction of ethylene in excised coleoptiles. Plant Physiol. 48:241-
244,

9. Kang, B. G., C. S. Yokum, S. P. Burg, and P. M. Ray. 1967. Ethylene

and carbon dioxide: mediation of hypocotyl hook-opening response.
Science 156:958-959.

10. LauRue, T. A. G. and O. L. Gamborg. 1971. Ethylene production by
plant cell cultures. Plant Physiol. 48:394-398.

11. Lower, R. L. and C. H. Miller. 1969. Ethrel (2-chloroethanephos-
phonic acid): a tool for plant hybridizers. Nature 222:1072-1073.

12. Makus, D. J., D. M. Pharr, and R. L. Lower. 1975. Some morpho-
genic differences between monoecious and gynoecious cucumber
seedlings as related to ethylene production. Plant Physiol. 55:352-
355.

13. Meheriuk, M. and M. Spencer. 1964. Ethylene production during
germination of oat seedlings and Penicillum digitatum spores. Can.
J. Bot. 42:337-340.

14. Rudich, J., A. H. Halevy, and N. Kedar. 1972, Ethylene evolution
from cucumber plants as related to sex expression. Plant Physiol.
49:998-999.

15, | L. R. Baker, and H. M. Sell. 1978. Ethylene evolu-
tion during germmatlon of dlfferent sex phenotypes of cucumber.
Scientia Hort. 9:7-14.

16. , J. W. Scott, and H. M. Sell. 1976.
Phenotypic stablllty and ethylene evolution in androecious cu-
cumbers. J. Amer. Soc. Hort. Sci. 101:48-51.

17. Saltveit, Jr., M. E. and D. R. Dilley. 1978. Rapidly induced wound
ethylene from excised segments of etiolated Pisum sativum L., cv.
Alaska. I. Characterization of the response. Plant Physiol. 61:447-
450.

18. Shannon, S. 1976. Comparative effects of (2-chloroethyl)phos-
phonic acid and mono-2-chlorethyl ester of the acid on growth,
peroxidase activity, and sex expression of a monoecious cucumber.
J. Amer. Soc. Hort. Sci. 101:606-610.

19. Witztum, A. and M. Gersani. 1975. The role of polar movement of
IAA in the development of the peg in Cucumis sativus L. Bot. Gaz.
136:5-16.

J. Amer. Soc. Hort. Sci. 105(3):367—371. 1980.

Spray Chrysanthemum Production with Controlled-release
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Abstract. Various rates, types, and formulations of controlled-release fertilizers were evaluated as potential
components in a trickle irrigation production system for spray chrysanthemums (Chrysanthemum morifolium
Ramat.). Optimum rates of total-N, with 34 kg N/ha as soluble 6-2.6-5 (N-P-K) and the remainder as 14-6.1-11.6
Osmocote, were estimated to be from 489-501 kg per planted hectare in 2 tests. Other formulations or ratios of
Osmocote and urea formaldehyde fertilizers at similar rates did not improve production or were not comparable
to Osmocote 14-6.1-11.6 or to the commercial practice of weekly overhead liquid fertilization. A water savings
of 70-80% was estimated with the controlled-release fertilizer-trickle irrigation system compared to overhead
irrigation, while yields (marketable stems and height) were similar to those produced with overhead-liquid fer-

tilization practices.

Trickle irrigation systems can be used to conserve water,
compared to overhead irrigation systems, by confining water
to the cropped area. Trickle irrigation systems have occasionally
become inoperative in areas with poor quality water. Addition
of water soluble fertilizers and the presence of other salts,

IReceived for publication Sept. 26, 1979. Florida Agricultural Experi-
ment Stations Journal Series No. 1935. The authors express their appre-
ciation to Yoder Brothers, Inc. for supplying the rooted chrysanthemum
cuttings used in these experiments.
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sulfur, algae and bacteria have further compounded distribu-
tion problems and limited the use of trickle irrigation systems
(3, 4, 11, 19). Controlled-release fertilizers incorporated in the
soil may increase the efficiency of delivery systems by removing
an antagonistic component to poor water quality.
Controlled-release fertilizers have been evaluated for produc-
tion of many horticultural crops (9). Kofranek and Lunt (5)
found that one application of coated 25-4.6-4 produced quality
potted chrysanthemums and Waters (15) reported that split
applications of heavily coated 94-5 or 10-4.6-8 produced
quality pot-mums. Simpson et al. (13) and Bivins and Kofranek
(2) showed that a combination of coated fertilizer and liquid
fertilization produced good quality plants. Sharma and Patel
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