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ABSTRACT

Staub, J.E., Wehner, T.C. and Tolla, G.E., 1989. The effects of chemical seed treatments on hor-
ticultural characteristics in cucumber (Cucumis sativus L.). Seientia Hortic., 38: 1-10.

Seeds of the cucumber line WI 1606 were treated with Cytozyme, Cytex, Erogstim, Progib,
Ga, 7 or GA, 3+ ethephon using acetone and water as infusion media. Days to germination (DTG)
and percentage germination (PG) at 15 and 25°C after 2 and 20 weeks storage were calculated.
No significant differences in PG could be detected among control seeds at 15°C 2 and 20 weeks
after treatment. The DTG of control or chemically treated seed at 2 weeks was consistently lower
than at 20 weeks, regardless of infusion medium. In contrast, the DTG was increased with storage.
The PG of seeds treated with GA, ;+ ethephon was higher than that of all other treatments after
2 and 20 weeks of storage regardless of infusion medium. Moreover, the PG and DTG of seeds
treated with GA,,; and Progib were higher after acetone infusion. Seeds treated with Cytex, Cy-
tozyme or Ergostim and infused with acetone did not germinate at either 15 or 25°C. The rate
and total emergence of seedlings, sex expression, maturity date and fruit vield were not affected
by seed treatment or infusion media when tested in field studies.

Keywords: chemical infusion; cold tolerance; emergence; germination; gibberellin.

Abbreviations: DTE=days to emerge; DTG=days to germinate; GA,=gibberellic acid;
GA,r=gibberellins A, and A,; PE=percentage emergence: PG =percentage germination;
PGR =plant growth regulators; PO =percentage oversized fruit.
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INTRODUCTION

Poor field emergence and erratic stands lead to increased variation in plant
development which can result in yield reductions. The survival and perform-
ance of seed after sowing is affected by physical, mechanical, chemical and
biotic factors. Temperature, light, drought, flooding and gaseous environments
are physical factors which influence seedling emergence (Khan et al., 1979;
Hegarty, 1979; Thomas, 1981). Low temperatures after the sowing of many
warm-season vegetables can lead to asynchronous seedling emergence (Ko-
towski, 1962; Thompson, 1974a, b). This asynchrony is consistently observed
where spring temperatures fluctuate dramatically. In areas where crops are
harvested once-over mechanically, non-uniform emergence is of particular
concern.

Stand uniformity can be enhanced by various seed treatments (Ells, 1963;
Pollock, 1969; Malnassy, 1971; Heydecker, 1973/1974; Salter, 1978; Gray, 1981;
Sosa-Coronel and Motes, 1982). Germination rate (RG) and percentage of
several vegetable species have been shown to increase after seed treatment
with growth regulators and various osmotica (Fieldhouse and Sasser, 1975;
Darby and Salter, 1976; Yaklich and Orzolek, 1977; Nelson and Sharples, 1980).

Cucurbit seeds require relatively high temperatures for successful germina-
tion and seedling emergence (Harrington and Minges, 1954; Hegarty, 1973 ¥
For instance, cucumber (Cucumis sativus L.) seed germinates rapidly at 20°C,
but the time to 50% germination at 14°C decreases substantially (Simon et
al., 1976; Nienhuis et al., 1983) and below 11°C only a small percentage of the
seed germinates (Simon et al., 1976). Germination of watermelon seed (Ci-
trullus lanatus (Thumb.) Matsum. and Nakai) was improved at 15°C after
priming with inorganic osmotica (Sachs, 1977). Likewise, infusion of GA,/;
and ethephon by acetone increased the percentage of germination in cucumber
and muskmelon (Cucumis melo L.) seed at 12 and 16°C, respectively (Nelson
and Sharples, 1980). Although GA; seed treatment has proved to be effective
in increasing the low-temperature germination of several crop species (Wit-
twer and Bukovace, 1957; Coats, 1967; Yen and Carter, 1972; Cole and Wheeler,
1974), it was less effective in cucumber and muskmelon than GA,/; alone or
in combination with ethephon (Nelson and Sharples, 1980).

Emergence in cucumber has been shown to be a function of the time required
for radicle elongation and hypocotyl development at a given temperature (Si-
mon et al., 1976). Moreover, it appeared that seedling emergence at 15°C was
independent of the physiological processes which promote germination (Staub
et al., 1986). Therefore, the efficacy of a chemical seed preconditioning treat-
ment on emergence under suboptimal temperatures may depend on its ability
to influence several biochemical and physiological processes simultaneously.
In the present study, several plant growth regulators and a nutrient seed treat-
ment were compared for their effects on horticulturally important traits of
cucumber in controlled and field environments. Studies were designed to: (1)
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determine whether gibberellin seed treatment alone or in combination with
ethephon could increase emergence of cucumber at suboptimal temperatures;
(2) define the effectiveness of infusing growth regulators with acetone; (3)
evaluate the field performance effects of various chemical seed treatments in

addition to GA,,; on germination and seedling emergence, sex expression and
first harvest yield.

MATERIALS AND METHODS

Seed treatment. — Seeds of the gynoecious USDA processing cucumber inbred
line W1 1606 were aerated in either distilled water or reagent-grade acetone for
6hat32°Cor 16 h at 25°C, respectively. Infusion liquids were: control, aerated
in distilled water and acetone without growth regulators; Cytex (10% v/v; At-
lantic and Pacific Research, Inc., North Palm Beach, Florida) contains cyto-
kinins; Cytozyme, (10% v/v; Cytozyme Inc., Salt Lake City, Utah), contains
cytokinins; Ergostim, (10% v/v; Montedison U.S.A., Inc., New York, NY) a
nutrient solution (fertilizer) with active ingredients of folic acid (0.1%) and
n-acetyl thiazolidin-4 carboxylic acid (5% ); gibberellin GA,,;, (1.0 mM, Ab-
bott Laboratories, North Chicago, Illinois), contains gibberellin A; and A;;
gibberellin GA,,; in combination with ethephon (3.6 mM); Progib, (7 mg1~7;
Abbott Laboratories, North Chicago, Illinois ), contains gibberellic acid GA..

After treatment, seeds were air dried at 25°C and stored under laboratory
conditions (21 +3°C and approximately 70% relative humidity) for approxi-
mately 2 or 20 weeks prior to evaluation.

Controlled environment experiments. — Seeds were germinated at 15 and 25°C
in temperature-controlled chambers 2 and 20 weeks after treatment. Cham-
bers were dark except for a low-intensity fluorescent work light (30 umol s—*
m~?%) used 4 h each day. Relative humidity was 80%. Treatments were single
60-mm diameter Petri dishes containing 25 seeds placed on 2 layers of filter
paper (Whatman No. 2) moistened with 4 ml of distilled water. The dishes
were covered with a sheet of clear plastic (2 mm) to reduce evaporation. The
treatment arrangement within each chamber (temperature) was a randomized
complete block with 4 replications. Seeds were considered germinated when
the radicles protruded =5 mm.

Field experiments . — Beginning 3 weeks after chemical treatment, seeds in each
treatment were planted twice in field nurseries at Clinton (North Carolina),
Hancock (Wisconsin) and Napoleon (Ohio) on 18/4 (day/month) and 27/4,
9/5 and 23/5, 10/5 and 16/5/1984, respectively. Treatments were arranged as
a randomized complete block design with 3 replications. Fifty seeds of each
treatment were sown about 0.12 m apart in rows 6.1 m long, spaced 1.5 m apart.
Plants were considered emerged when the cotyledons were free of the soil sur-
face. Seedlings were thinned to 40 plants row™' at the 3-true-leaf stage. Irri-
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gation was used along with standard cultural practices. Minimum and maximum
daily temperatures were recorded at a soil depth of approximately 256 mm dur-
ing the period of seedling emergence.

Data collection and analysis. — Data were collected on germination (controlled
environments ) and seedling emergence, flowering date, sex expression and fruit
yvield (field studies). For each treatment, percentage germination (PG), per-
centage emergence (PE) and the average number of days to germination, ra-
dicles 25 mm (DTG), and emergence (DTE) were calculated, using the
following formulae:

PG or PE= (T /50) x 100, and
N

DTG orDTE= ) (N;xD;)/T
i=1

where: T'=total number of seedlings which germinated or emerged; 50 =total
number of seeds planted plot™'; N;=number of seedlings germinated or
emerged on the ith day after experiment initiation; I);=the number of days
after experiment initiation (Smith and Millett, 1964 ).

Final percentages of germination and emergence were determined when no
further germination was observed for 72 h, in controlled environments and 18
days after sowing in the field. Those treatments in which seeds did not ger-
minate or emerge were not assigned a numerical value and not used in the
analysis of the germination and emergence characters evaluated.

The number of days to first flower was recorded when 3 fully expanded cor-
ollas were observed on 5 plants within each treatment. Sex expression was
determined by examining the first 10 nodes of 10 plants in each treatment.
Plants were classified as gynoecious (0 staminate flowers), predominantly
gynoecious (1-3 staminate flowers) or monoecious (more than 7 staminate
flowers ). At each location, fruits were harvested once when approximately 10%
were > 51 mm in diameter (oversized), and the numbers of fruits plant—' were
recorded. The percentage of oversized (PO) fruits was calculated for each
treatment and location.

Analyses of variance were performed separately for each trait at each loca-
tion. Arcsine square root transformations of data percentages did not affect
the results of the analyses and variances were homogeneous. Therefore, anal-
yses of untransformed data are presented. Correlations were calculated among
all traits, chemical seed treatments and infusion media collectively, using means
of locations, planting dates and replications for the field, and storage times and
replications for controlled environments.

RESULTS

Controlled environment experiments. — Significant differences in chemical
treatments, infusion media and storage duration were observed for PG and
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DTG at 15 and 25°C (Table 1). Treatment with Ga, ;+ethephon (15°C, water
or acetone, 2 or 20 weeks storage) gave higher PG and DTG than most other
treatments. In some instances GA,,; (15°C, water, 20 weeks storage or ace-

TAEBLE 1

Mean germination percentage (PG ) and days to germination (DTG, radicals =5 mm long) of
cucumber (Cucumis sativus L.; WI 1606 ) seed treated with either PGR or fertilizer using 2 infu-
sion media, and germinated at 15 or 25°C, 2 or 20 weeks after treatment

Chemical Infusion Storage PG (%) and DTG (days) at 15 and 25°C
treatment medium time
{weeks) 15°C 25°C
PG DTG PG DTG
Control Acetone 2 T5eteh 11.74 ggeb 3.4
20 Tadele 15.040 g4k 1.0¢
Water 2 B4#n 7.5 100" g.2%s
20 63hi 11.0%h g7eb 1.0¢
Cytex Acetone 2 0 - { -
20 0 - 0 -
Water 2 57k 10.8%" g5b 3.3b¢
20 70tk 15.5° g7k 1.0°
Cytozyme Acetone 2 0 - 0 -
20 0 s 0 =
Water 2 45'= 11.7¢ g7ee 3.04
20 gahi 16.1° B4° h 1 g
Ergostim Acetone 2 0 - 0 -
20 0 = 0 -
Water 2 40™ 101" ggab 3.0¢
20 5Rik 13.1% gsv 1.0¢
GAy Acetone 2 ggebed 10,480 95" 3.1+
20 gpobede 12,24 94" 1.0
Water 2 Saik 8.8 g72b 3, gbed
a0 §4qbode 13.2%4 100* {1
GA, s +ethephon Acetone 2 94 8.8k 96" 3.6"
a0 ggeabe 10.3M ggeb 1
Water 2 gedef i g7eb 3.0¢
20 gge 9.51 g7eb 1.0¢
Progib Acetone 2 ggabed 11.6%% 96t 3.01
20 TRdels 14,940 gget 1.0
Water 2 4gklm g ghii 100" 3.4
20 5aik 14.1% geb 1.0°
LSD 12 1.2 4 0.2

Superscripts indicate significant differences among means in columms by LSD (P<0.05).
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tone, 2 or 20 weeks storage) and Progib (15°C, acetone, 2 weeks storage) was
as effective as GA,/;+ ethephon in'increasing PG. The PG and DTG of GA -
containing seed treatments (15°C, acetone) was higher than controls (15°C,
water ), regardless of storage duration. The PG of some Progib-treated seed
(15°C, acetone, 2 or 20 weeks storage) was higher than others (15°C, water,
2 or 20 weeks storage ) or corresponding water controls. One Progib treatment
(15°C, water, 2 weeks storage) caused a reduction in PG when compared to
water controls.

Some seeds treated with Cytex, Cytozyme or Ergostim (15 and 25°C, ace-
tone, 2 or 20 weeks storage) did not germinate. Addition of these compounds
to acetone resulted in a brown, flocculent precipitate. The solvent maintained
a reddish-brown coloration during the infusion period. The PG and DTG of
seeds which did germinate (15 and 25°C, water, 2 or 20 weeks storage) was
not lower than controls (15 and 25°C, water, 2 or 20 weeks storage water).
With the exception of GAy/;+ethephon, all chemicals infused with water
(15°C, 20 weeks storage ) promoted higher DTG when compared to the water
controls (15°C, 20 weeks storage).

The DTG of seed (15 or 25°C, water or acetone) was greater after 20 weeks
than after 2 weeks. However, the germination of some seed treated with GA,,
;+ethephon (15°C, water, 20 weeks storage) was delayed to a lesser extent
than seed of water controls (15°C, 20 weeks storage). Increasing storage du-
ration from 2 to 20 weeks increased PG of all chemically treated seed (15°C,
water ), except Progib (15°C, water).

The lower DTG of seeds treated with water alone (15°C, 2 and 20 weeks
storage) when compared to acetone controls (15°C, 2 and 20 weeks storage)
was associated with lower PG values. The large differences in germination
performance recorded at 15°C were not observed at 25°C where PG ranged
between 94 and 100%. The PG of seeds treated with acetone alone (25°C, 20
weeks storage ) was lower than some water-treated seeds (25°C, 2 weeks stor-
age). Differences in PG and DTG between seed treatments were infrequent
and demonstrated no consistent response pattern.

Field experiments. - Soil temperature (25 mm below surface) during seedling
emergence ranged from 7 to 30, 8 to 31 and 4 to 33°C in Wisconsin, Ohio and
North Carolina, respectively. Temperature minima in Wisconsin were lower,
on average, than in other locations. In North Carolina, minimum and maxi-
mum temperatures were notably lower during the first @ days of the first plant-
ing than during subsequent days.

Significant differences were recorded for PE, DTE, fruit yield and PO fruit
among locations and between planting dates (Table 2). However, no differ-
ences were detected for any character measured with regard to seed treatments
(infusion media or chemical treatments).

The mean DTE of all seed treatments at all locations was highest in the first
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TAELE 2

Mean percentage (PE) and days (DTE) to emergence, once-over harvest fruit yield and percent-
age oversized (PO) of cucumber (Cucumis sativus L.; W1 1606) plants grown from chemically
treated seed which was sown at 3 locations in 2 plantings

Location Planting Emergence Fruit
PE DTE Plant PO (=51 mm)

Ohio 1 g7 13.1b 5 23.4°

2 720 10.64 0.7° 2.8¢
North Carolina 1 72" 11,7 0.7° 15.8°

2 710 0 0.6° 12.6°
Wisconsin 1 8s" 14.9° 0.6" 14.4%

2 95" 7.7 0.6° 13.4"

Superscripts indicate significant differences among means in columns by LSD (P<0.05).

planting. In Ohio, consistently higher values for all characters were observed
during the first planting. When averaged over planting dates, the mean PE of
treatments in Wisconsin was 92% compared to 72 and 80% in North Carolina
and Ohio, respectively. The DTE in Ohio was longer (11.9 days) than that of
seeds sown in Wisconsin (11.3), but was similar to that in North Carolina
(11.8). Likewise, the numbers of fruits harvested from plants originating from
treated seed were on average higher in Ohio (0.9) when compared to either
North Carolina (0.7) or Wisconsin (0.6).

Phenotypic correlation coefficients provide a measure of association among
the characters monitored. Since interactions among main effects were infre-
qguent in either controlled environment or field evaluations, data from chemi-
cal seed treatments and infusion media were merged for analysis. Significant
(P<0.01) positive correlations were detected among DTG and DTE at 15°C
(0.98), PG and yield at 15°C (0.90) and PG and PE at 15°C (0.88). Signifi-
cant negative correlations were obtained among DTG and yield at 15°C
(—0.96) or 25°C (—0.98).

DISCUSSION

Nelson and Sharples (1980) demonstrated that the rate and percentage of
germination of cucumber seeds incubated at 12°C was markedly increased by
acetone infusion with GA,,;. Our data at 15°C support these results and pro-
vide evidence that this germination response potential could be sustained dur-
ing at least 20 weeks storage following treatment. Moreover, the PE at 15°C
of all water-infused chemical treatments 20 weeks after storage was higher
than at 2 weeks, suggesting that the driving mechanism for germination was
enhanced by long-term storage.



Infusion of cucumber seed with- water increased germination rate at 15°C 2
weeks after storage but not after 20 weeks. Although water infusion did not
affect percentage germination in controls, germination was consistently higher
20 weeks after water infusion of chemicals. Water-infused GA,,; and GA,
(Progib) treatments improved percentage of germination, while rate was de-
creased after 20 weeks of storage. The germination performance at 15°C was
enhanced by GA,+ethephon treatment, but its effect on rate of germination
dissipated during storage regardless of infusion medium. The data indicate
that while initial germination performance can be enhanced by these treat-
ments, their beneficial effect on germination rate diminishes with increasing
storage time.

Reasons for the differences in efficacy between infusion media are not known.
The amount of GA, penetrating the seeds during acetone infusion depends on
seed type, permeation time and the concentration of the solution (Tao and
Khan, 1974). The penetration of GA, is presumably restricted by its molecular
weight. Since Progib contains GA,, one might predict that its activity in pro-
moting germination would not be as high as that of GA,/; (Ikuma and Thi-
mann, 1963; Nelson and Sharples, 1980). Differences between the PG of acetone
and water-infused Progib-treated seeds may be attributed to a lack of penetra-
tion by GA, or related to differences in the active form of GA itself. However,
the data are equivocal and this hypothesis is being tested. Extending the water
infusion period or increasing the concentration may increase the effectiveness
of the Progib treatment.

Acetone is water miscible and unreactive with proteins, but can change its
conformation through dehydration (Scopes, 1978). A wide range of plant spe-
cies produce acetone at various stages of seed germination. A strong positive
correlation exists between acetone production at embryo axes and lipid con-
tent of the seed, suggesting that acetone production is closely associated with
some aspect of lipid metabolism during germination (Murphy, 1985). The ob-
served increased effectiveness of acetone infusion in combination with gibber-
ellin treatment may be caused by conformational changes in protein
components of the cell membrane resulting in increased mobility of these growth
regulators, This hypothesis requires testing.

There were no chemical treatments which could be consistently associated
with increasing PE and decreasing DTE in field studies. Although isolated
fruit vield differences did occur between treatments, none of these differences
could be directly attributed to increases in rate and total emergence. It appears,
from available information (Simon et al., 1976; Staub et al., 1986), that those
growth regulators which promote germination under prolonged exposure at
suboptimal temperatures do not necessarily decrease DTE under field condi-
tions, This is due, in part, to the fact that the biochemical processes required
for germination and hypocotyl elongation are dissimilar (Staub et al., 1986),
and to fluctuating soil temperatures which may negate any advantages pro-
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vided by chemicals which might increase the ability of seed to germinate at
suboptimal temperatures.
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