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Abstract.

Germination of tomato (Lycopersicon esculentum Mill.) seeds in petri dishes at various levels of water
stress was comparable, except under conditions of severe stress when a PEG pretreatment improved final percentage
germination and enhanced the onset and rate of germination. At intermediate or high watering levels, PEG-pretreated
seeds germinated more rapidly than untreated seeds, but final germination was not altered by PEG. Germination of
seeds in soil, under controlled laboratory conditions, was similar to that in petri dishes except under the driest
conditions (5% ASM) when little emergence occurred whether the seeds were pretreated or not. A majority of the
seeds which failed to germinate after 2 weeks under dry soil conditions were still viable, since subsequently they could
be induced to germinate by moistening the soil to 100% ASM. Water requirement of tomato seeds for optimal rate
of germination was cultivar dependent; PI-341988 seeds germinated well at 60% ASM or greater, whereas ST-24
required 100% ASM for best germination.

Water availability in the vicinity of an imbibing seed can have
a substantial effect on the time of onset and rate of germination
of many different species of seeds (4, 7, 10, 13, 16, 17). Germination of most seeds can be inhibited severely with increasing
water deficits (5 ,7 , 13, 16, 17). On the other hand, some types
of seeds germinate well at high water levels (7, 13), while others
do not (10).
PEG pretreatment improves the synchrony of germination of
seeds (3) and improves the dehydration tolerance of germinating
celery seeds (2). Tomato seeds often shown reduced or delayed
germination or emergence through a dry field soil (9). Liptay
and Schopfer (11) reported that a PEG pretreatment enhanced
the time and rate of germination of tomato seeds of a line that
normally germinates quickly and uniformly at low temperatures
as well as a line that does not. The studies reported here were
designed to determine whether PEG enhanced initiation of germination of tomato seeds at high soil water deficits and over a
wide range of available water levels and if seeds of different
tomato cultivars require different ASM levels for optimal rates
of germination.
Materials and Methods
ST-24 and PI-341988 tomato seeds (produced at Harrow, Ontario, under identical conditions) were germinated at 25°C on
sheets of 13.4 cm diameter Whatmann # 3 filter paper moistened
with 5, 10, 15, or 20 ml of water in 2 x 15 cm petri dishes
(100 seeds per dish, 4 replicates). Pretreated seeds were imbibed
in - 5 bar PEG (polyethylene glycol 6000) for 16 hr, washed
with distilled water, and redried at 35° in a tumbling drier before
germinating in petri dishes. PEG solutions were prepared using
the formula of Michel and Kaufmann (12). The percentage of
germination (emergence of radicle to about 2 mm) was recorded
daily. The experiment was run 2 separate times.
PEG-pretreated and untreated (control) seeds of both lines
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also were germinated in Fox Loamy sand collected outdoors at
Harrow. The field capacity of the soil was 15.4% on an oven
dry weight basis and the permanent wilting point was 4.3%.
Soil that passed a 6.4 mm mesh screen was air dried to 5%
ASM, and 340 g was put into each 600 ml glass beaker. Water
(70 ml) was added to each beaker to saturate the soil thoroughly,
except for the 5% ASM treatment. The beakers of saturated soil
were dried in a microwave oven for various times to achieve 4
different ASM levels: a) 35%, b) 60%, c) 75%, and d) 100%
ASM. The beakers were covered with polyethylene film after
removing from the oven to prevent moisture loss. Tomato seeds
(100 per beaker, 4 replicates) then were sown 1.5 cm below the
soil surface and the beakers again covered with polyethylene
film. The beakers then were placed in an incubator set at 25°C.
Germination was recorded as emergence. The experiment was
run 2 separate times.
Results
At the highest water stress, PEG pretreatment of tomato seeds
enhanced the time, rate, and percentage germination of seeds
imbibed on filter paper in petri dishes (Table 1). By day 3 of
imbibition, none of the ST-24 untreated seeds had germinated
on filter paper with 5 ml of water, whereas 15% of the PEG
pretreated seeds had germinated. This enhancement of germination under these dry conditions was seen not only in the rate
and final percentage of germination, but also in the extent of
growth of the roots of the seedlings (Fig. 1). Similar trends were
seen with the very vigourous PI-341988 tomato line, except that
the differences did not persist as long; moreover, final percentage of germination was comparable for the pretreated and untreated seeds.
At the highest water level, PEG-pretreated ST-24 seeds also
germinated more rapidly than the untreated seeds; however, the

rate of germination was not as rapid as at the intermediate watering levels, nor was there any difference in the final percentage
of germination. Although there was a similar trend beginning
with the PI-341988 seeds at the onset of germination at the
highest watering level, their vigorous germination pattern quickly
erased any effect.
At least half of the ST-24 tomato seeds at the lowest watering
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Table 1. Effect of polyethylene glycol (PEG) pretreatment and level of watering on germination of tomato seeds in
petri dishes

Tomato line
ST-24

PI-341988

Water level
(ml/petri dish)

PEGy
pretreatment

5
10
15
20
5
10
15
20
5
10
15
20
5
10
15
20

LSD (0.05)
LSD (0.01)

-

+
+
+
+
-

-

+
+
+
+

Stagex
1
0
0
0
2
15
15
30
3
0
0
3
0
13
19
10
7
5.4
7.3

5
21
24
18
43
53
82
32
34
91
83
88
94
87
85
91
7.8
10.4

1.0 NSW
1.1 NS
13.3**
16.6**

Values of F
64.6**
82.6**
18.1**
26.3**
36.8**
16.8**
21.8**
5.62**

Significance
Line x water level
Line x PEG
Water level X PEG
Line x water level x PEG

Germination2 (%)
Stage
Stage
2
3
21
70
75
84
77
90
91
94
88
94
96
97
94
96
97
97
3.3
6.0

Stage
4
59
92
96
96
89
96
97
97
92
94
96
97
94
96
97
97
1.0

1.7

72.7**
28.8**
15.3**
9.6**

term ination was recorded as radicle emergence (> 2 mm) through the seed coat.
y— = control; + = PEG pretreatment.
xStage 1 refers to the beginning of germination (day 2 for PI-341988 and day 3 for ST-24, stage 2 is day 3 for PI
341988 and day 4 for ST-24, stage 3 is germination percentage).
wNonsignificant (n s ) or significant at the 1% level (**). Analysis of variance was done on arcsin-transformed data.

level germinated on filter paper in petri dishes, but only 5%
emerged in the soil experiments (Fig. 2). Emergence was improved for PEG-pretreated seeds at the 35% ASM and intermediate soil moisture levels, i.e., 60% and 75% ASM. However,
emergence of ST-24 seeds improved markedly with increasing
available soil moisture and was greatest at the highest moisture
level (100% ASM). Emergence of PI-341988 seeds was similar
for the untreated and PEG-pretreated seeds at each moisture
level (Fig. 3). Emergence was lowest at 5% ASM, relatively
good at the 35% ASM and high and similar at 60%, 75%, or
100% ASM.
To determine if the ungerminated seeds at 5% and 35% ASM
were still viable after 2 weeks at their particular water level,
the soil of these 2 treatments was brought to 100% ASM. Despite differences in germination at 35% ASM, the untreated and
PEG-pretreated seeds of both tomato lines germinated to the
same extent after the moisture level was brought to 100% ASM
(Fig. 4).
Seeds initially held at 5% ASM behaved somewhat differently. PEG-pretreated seeds of both lines had slightly greater
final germination percentages than the untreated seeds after the
soil moisture level was brought to 100% ASM. However, only
about 50% of the original seeds germinated, in contrast to those
at the initial 35% ASM in which final germination percentage
was nearly maximum.
J. Amer. Soc. Hort. Sci. 110(6):748-751.
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Discussion
Tomato seeds pretreated with PEG can be redried and still
retain the promotive effect of the pretreatment (Table 1). Sachs
et al. (14) reported that pretreated and redried pepper seeds
germinated slightly slower than those that were not redried, but
both germinated more quickly than untreated seeds. Kretschmer
(8) also reported retention for a number of months of a promotive effect in lettuce seeds pretreated with PEG. Henckel (6)
reported that presoaking tomato, grass, or sunflower seeds in
water increased the water-holding capacity of the seeds by an
increase in hydrophilic capacity, viscosity, and osmotic pressure. Under water-limiting conditions, the PEG pretreatment
improved the germination of tomato seeds, especially that of
the ST-24 tomato line (Table 1). The effect was more evident
in petri dishes than in the soil, perhaps reflecting the criterion
for germination, i.e., radicle emergence in the petri dishes and
actual emergence through 1.5 cm of soil in the soil experiments.
Emergence of PEG-pretreated or untreated ST-24 seeds was
less than 10% of the driest soil moisture treatment (5% ASM),
whereas it reached 90% at the highest available soil moisture
(100% ASM) level (Fig. 2). The best emergence of PEG-pretreated or untreated PI-341988 seeds was found at > 60% ASM,
whereas ST-24 seeds required 100% ASM for best emergence
(Figs. 2 and 3). This phenomenon probably is related to reduced
water uptake by ST-24 seeds (11).
749
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Fig. 3. Effect of PEG pretreatment and various levels of ASM on
emergence of PI-341988 tomato seeds in Fox Loamy Sand; s e shown
by vertical lines.
100

r

Fig. 1. Effect of PEG pretreatment of ST-24 tomato seeds on elongation of the radicle at the lowest water level (5 ml/petri dish). The
3 seedlings on the left were PEG pretreated whereas the 3 on the
right were the untreated seeds.

DAYS

Fig. 4. The percentage of emergence of untreated and PEG-pretreated
seeds of two tomato lines (ST-24 and PI-341988) following water
addition to 100% ASM for 9 days after 2 weeks at 5 or 35% ASM;
s e shown by vertical lines. P = PI-341988, S = ST-24.

Fig. 2. Effect of PEG pretreatment and various levels of available
soil moisture (ASM) on emergence of ST-24 tomato seeds in Fox
Loamy Sand; s e shown by vertical lines.

The seeds that did not emerge under dry conditions (Fig. 4)
for 2 weeks still retained their viability, even though they were
750

under very dry conditions for the 14 days before the soil was
brought to 100% ASM. Obviously, these seeds had not reached
a point of irreversible damage caused by a rehydration-dehydration condition. This end point was outlined by Sargent et al.
(15) for rye seeds after which a further dehydration caused irreversible damage and thus death of the seeds. In the present
study, both lines of untreated tomato seeds were equally senJ. Amer. Soc. Hort. Sci. 110(6):748-751.
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sitive to damage by the dehydration of the 2-week exposure to
the dry soil conditions (5% ASM). However, the PEG-pretreated seeds retained their viability in dry soil treatment (5%
ASM) better than the untreated seeds. PEG might be affecting
the structural or vicinal water more favorably in this case (1,
11) .
PEG pretreatment thus enhances the onset and rate of germination of tomato seeds, both at low or high water levels.
Furthermore, under very dry conditions, about 50% of tomato
seeds sown retain their viability, even after 2 weeks if the soil
is then brought to a favorable moisture level of germination.
Finally, the optimal rate of germination of tomato seeds is achieved
at different levels of ASM for different cultivars.
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Cut coastal Douglas-fir trees (1.0 to 1.5 m) were allowed to dry to various water potentials in a greenhouse.
About one-half of the tree population, dried to a water potential (i|i) of -3 .5 MPa, lost significant quantities of
needles but were otherwise comparable to undried trees. Drying to -4 .0 MPa or below resulted in significantly
reduced water uptake after rehydration and irreversible damage. Changes in percentage of moisture content and
stomatal conductance generally paralleled iji but were less useful indices of the damage threshold. Bark wrinkling
and percentage of broken needles were useful morphological indices of the damage threshold. Subjective ratings of
quality were less reliable indices of the damage threshold. Water potential was an appropriate single measurement
of Christmas tree water status and a suitable index of the damage threshold.

Abstract.

Water content is a critical component of Christmas tree quality affecting consumer acceptance (15), needle retention (1),
and safety (11). Determining the percentage of moisture content
at which tree damage occurs and studying the factors regulating
moisture loss are essential to the development of storage, shipment, and display procedures that maintain tree acceptability.
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paper No. 7380. Portion of PhD thesis by senior author. This research was
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Van Wagner (19) described a “ critical moisture content” for
white spruce, balsam fir, and Scotch pine as the maximum amount
of water lost before losing the capacity to rehydrate. At or below
the critical moisture content, trees ignite and bum easily. In
Douglas-fir, Chastagner (personal communication) identified a
range ( - 3 . 0 to - 4 . 0 MPa) at which trees were damaged, although damaged trees appeared fresh. Damage was characterized by reduced capacity to rehydrate and severe needle abscission
on about 40% of the trees after rehydration. Water potential
below —4.0 MPa resulted in progressively severe and visible
damage.
The objectives of this study were: 1) to define further the
damage threshold of cut Douglas-fir, 2) to study the relationship
751

