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Abstract. Sweet pepper (Capsicum annuum L. cv. Keystone Resistant Giant #3) seeds
were imbibed (primed) in salt solutions to determine a) what concentrations would
inhibit radicle emergence and b) the influence this delay in radicle emergence would
have on subsequent germination. Seeds were primed for 17 days at 23C in petri dishes
with KNO,, KCI, NaCl, K,SO,, Na,SO,, 1 NaCl: 1 CaCl,(mol/mal), Ca(NO,),, CaCl,,
Na,HPO,, and K,HPO,in 10, 25, 50, 100, 200, or 300 mm of the salts. Germination
was not inhibited in the 10- to 100-mwm salt range, although most 200- and all 300-mm
solutions reduced radicle emergence to <5.0%. The time to 50% germination (T,) of
these primed seeds in water significantly (P < 0.01) decreased, when compared to
unprimed seeds, and a negative correlation (r = — 0.98) was observed between this
reduction and the osmoatic potential of the solutions. Solutions with the highest osmotic
potentials most severely reduced T, without reducing the final germination percentage.
For seeds primed in K,SO,or Na,SO, (200 and 300 mwm) through 18 days, the reduction
in T,and duration of priming were negatively correlated (r = - 0.99). Seeds soaked
in double distilled water and then dried germinated faster than controls, but not as
fast as seeds primed in salt solutions. Priming of pepper seeds in this study was de-
pendent on the osmotic potential of the solution, rather than a specific salt, and the

duration of treatment.

Osmoconditioning (priming) to enhance
the rate and the uniformity of germination
has been studied extensively (Bradford, 1986;
Heydecker and Coolbear, 1977; Heydecker
and Gibbins, 1978; Heydecker et a., 1973).
Both ionic and nonionic compounds have been
effectively used as priming agents (Brad-
ford, 1986).

Two fundamental concepts associated with
seed priming are not clearly defined. First,
when priming with salts, does the effective-
ness of the solution depend on the osmotic
potential or the salt species used? Nerson and
Govers (1986) suggested that nitrate-con-
taining compounds may function more effi-
ciently than other salts as priming agents,
whereas Levitt and Harem (1943) found sev-
eral saltsto be effective for priming. How-
ever, in both studies, the osmotic potentias
of the salt solutions were not equilibrated.
Haigh and Barlow (1987) found that KNO,
was beneficial in decreasing the germination
spread for seeds of several species, although
the osmotic potential of the solution was a
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key component to effective priming. When
priming with nonionic compounds (PEG),
several workers (Atherton and Farooque,
1983; Bodsworth and Bewley, 1981) have
reported that the solution’s osmotic potential
is an essential factor in effective priming.

Second, what influence does the duration
of priming have on the overall process?
Priming intervals are critical to achieving
maximum efficiency of the method (Ather-
ton and Farooque, 1983; Bodsworth and
Bewley, 1981; Ely and Heydecker, 1981,
Heydecker et a., 1973; Khan et al., 1980/
81; O’ Sullivan and Bouw, 1984). Bods-
worth and Bewley (1981) demonstrated a time
dependence in priming with PEG. However,
a detailed study with many salt solutions over
awide osmotic range has not been presented.

Our research was designed to determine
if: 1) effective priming could be achieved
with a wide variety of salts without a reduc-
tion in the overall germination, 2) the rate
of germination after priming depends on a
specific salt or the osmotic potential of the
priming solution, and 3) the duration of the
priming treatments was important and whether
prolonged exposures to high salt concentra-
tions would reduce the final germination per-
centage.

Sweet pepper seeds (from the same seed
lot) were used for all germination and prim-
ing experiments in this study and all were
performed with petri dishesin aLunaire en-
vironmental chamber (Percival Manufactur-
ing Co., Boone, lowa) in darkness at 23C.

Potassium nitrate, KCI, NaCl, K,SO,,
NaSO, 1 NaCl : 1CaCl,(mol/mol),
Ca(NO,),, CaCl,, NaHPO,, and K,HPO,

solutions at six concentrations (10, 25, 50,
100, 200, and 300 mm) were used to deter-
mine which ones could prevent radicle emer-
gence for 17 days. All solutions were initialy
adjusted to pH 7.0 (with HCI), and the os-
motic potential of each solution was deter-
mined with a Wescor 5100C Vapor Pressure
Osmometer at 23C (Wescor, Logan, Utah).

Petri dishes (60 x 15 mm) containing two
pieces of filter paper (#2, Micro Filtration
Systems, Dublin, Calif.) were used. Fifty
seeds were weighed and placed in each petri
dish, with three dishes (replicates) per treat-
ment. A sufficient volume (3.5 ml) of each
solution was added to partially submerge the
seeds. Radicle emergence was checked daily,
and germination was defined as radicle
emergence of 32 mm. Salt solutions were
changed every 2 days by flooding the petri
dish with 10 ml of the respective solution,
immediately aspirating away al liquid, and
adding back 3.5 ml of priming solution. The
priming solutions were changed to maintain
aconstant osmotic potential of the solutions.
Germinated seeds were removed from the
petri dishes and discarded,

Seeds were removed after 17 days from
solutions where <5% of the radicles had
emerged. These seeds were rinsed thor-
oughly with double distilled water (DDH,O)
to remove the external salts, placed on paper
towels on the laboratory bench, and dried to
the original weight under ambient conditions
(23C); drying time in all cases was »24 h.
Seed weights were measured before and after
priming. The steps noted will be referred to
as seed harvesting.

Primed seeds were germinated at 23C with
DDH,O in petri dishes. Seed treatments were
evaluated by time to 50% of final germina-
tion (T,;) and the final germination percent-

Table 1. Time to 50% germination (T,,) and fi-
nal germination percentage (FGP) of pepper seeds
after priming for 17 daysin avariety of salts.
Treatments lacking T,,values were those in
which seeds germinated during the priming
treatment.

Osmotic

Concn  potential T, FGP

Salt (mM) (—MPa) (days) (%)
KNO, 200 0.83 -
300 1.25 0.72 88.7

KCl 200 0.89 - -
300 1.34 1.41 88.0

NaCl 200 0.90 - --
300 1.35 1.89 88.7

K,SO, 200 1.08 0.75 95.3
300 1.58 2.55 95.3

NaCl : CaCl, 200 1.10 -
300 1.66 2.46 88.7

Na,SO, 200 1.13 1.01  92.0
300 1.61 2.00 93.3

Ca(NO,), 200 1.22 1.40 89.3
300 1.80 3.34 90.0

CaCl, 200 1.24 1.88 96.0
300 1.94 3.93  90.7

Na,HPO, 200 1.40 2.26 78.0
300 2.02 427 82.7

K,HPO, 200 1.43 1.78 86.7
300 2.09 4.40 90.0

Control 6.47 953
LSDg. 1 200 0.31 10.5
300 0.57 7.3
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age (FGP). T,,(Orchard, 1977) was used as
the index of the rate of germination. Any
decrease in the FGP was attributed to toxic
effects of high salt concentrations on the seeds
for prolonged (17 days) periods. Germina
tion was monitored for 18 days, although
more than 90% had occurred within the first
7 days. Germination data were analyzed by
analysis of variance, and the means were
separated by Lsp when the F test was sig-
nificant (P < 0.01). For all experiments, un-
treated seeds germinated in DDH,O served
as controls.

The effect of the priming duration was
tested by priming the seeds with 200 or 300
mm Na,SO,and K,SO,for 18 days. Based
on the initial studies, these salts inhibited
germination during priming and imparted the
greatest reduction in T, at both concentra-
tions. Seed were harvested at 3-day intervals
and then germinated in petri dishes with
DDH,0. Germination was recorded daily for
18 days. Germination data were analyzed as
noted above.

In athird experiment, pepper seeds were
imbibed in petri dishes with water to deter-
mine if water priming would be as effective
as priming with salts. Seeds were collected
daily through 5 days, dried, and germinated
in petri dishes. Germination was recorded
daily for 18 days. More than 5% of the seed
population had germinated after the 5th day
and the experiment was terminated.

Seed germination was not delayed in the
10- to 100-mm solutions (data not shown).
In the 200-mm solutions of KNO,, KClI,
NaCl, and NaCl : CaCl,, germination pro-
ceeded at a reduced rate, although the FGP
at 17 days was significantly (P < 0.01) de-
creased (24%, 22%, 53%, and 17%, respec-
tively) when compared to seeds germinated
in water. Seeds from these four treatments
were discarded and not used in further trials.
Radicle emergence in the six remaining 200-
mwm and all 300-mm solutions was <5% of
the total seed population for the 17-day trial.
After harvest, primed seeds were germinated
inwater, and asignificant (P < 0.01) de-
crease in T, was observed for al of the
treatments compared to the controls (Table
1). Seeds exposed to 200 or 300 mm NaHPO,
were the only samples where the FGP was
significantly” decreased (Table 1). A negative
correlation (r =—0.98, P < 0.01) was ob-
served between the reduction of T,,and the
o)smotic potential of the priming solution (Fig.
1).
Seeds primed in Na,SO,, regardless of
treatment duration, demonstrated a signifi-
cant (P < 0.01) decrease in T, compared to
the control (Fig. 2). Similar germination trends
and reductions in T, were observed when
priming with K,SO, (data not shown). The
reduction in T, was strongly correlated with
the duration of priming through 12 days(r
= —0.99 and —0.99 for 200 and 300 mm
Na,SO,and r = —0.99 and — 0.99 for 200
and 300 mm K,SO,, respectively; P < 0.01)
(Fig. 2). Priming for longer than 12 days in
the 200-mm solutions did not decrease T,,
further (Fig. 2). Priming for 15 and 18 days
in the 300-mwm solutions partialy reversed
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the influences of priming, as reflected in a
significant increase in T, as compared to 12
days of priming (Fig. 2).

Germination rates were significantly en-
hanced (P < 0.01) when seeds were imbibed
in water, harvested, and germinated (Fig. 3).
These values were similar to the short-term
(3 and 6 days) priming treatments with

Na,SO,and K,SO,. However, priming in

water (4 days) was not as effective, based

on the decrease in T,,, as priming in Na,SO,
or K,SO,.

The enhanced rates of germination that we
found agree with previous findings (Brock-
lehurst and Dearman, 1983, 1984; O’ Sulli-
van and Bouw, 1984; Sundstrom et d., 1987,
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Fig. 1.

Regression of the time to 50% germination (Ts,) on the osmotic potential of the priming

solutions for Capsicum annuum seeds primed for 17 days in one of 10 salts at 200 and 300 mm. r

= ~-0.98;y = —3.56x — 3.11.
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Fig. 2. Time to 50% germination (T,) of Capsicum annuum seeds after priming with 200 (open bar)
and 300 (hatched bar) mM Na,SO, through 18 days. LSD (P = 0.01) values for each treatment are
indicated by vertical lines. Similar trends were observed for seed primed with K,SO,.
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Fig. 3.

Germination of Capsicum annuum seeds after imbibing in double distilled water for 0 (O), 2

(0J), or 4 (©) days. Priming for 12 (®) days in 200 mM Na,SO, is shown to contrast the most

effective salt priming treatment with the water

imbibition. Although monitored for 18 days, the

germination percentages did not change significantly after 10 days for treatments and control (data
not shown). Error bars of some points are smaller than the symbol size.
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Yaklich and Orzolek, 1977). Additionally,
we found that an essential feature of effec-
tive priming for pepper seeds is the osmotic
potential of the priming solution. This result
strongly supports those of Haigh and Barlow
(1987) for priming other speciesin KNO,,
K,HPO,, K,PO,, K,HPO,+ KNO,, and
K,PO,+ KNO,from — 0.5 to — 1.75 MPa.
Further, Bodsworth and Bewley (1981) re-
ported that the osmotic potential of the prim-
ing solution (PEG) was crucial when priming
several different types of seeds. We also
showed that priming solutions with the high-
est osmotic potentials (that prevented ger-
mination) resulted in the greatest reduction
in T, (Fig. 1). Similar trends have been ob-
served by Atherton and Farooque (1983) and
Haigh and Barlow (1987). While the basis
for this trend is unknown, greater metabolic
activity may occur in seeds primed at higher
water potentials. Bradford (1986) has shown
that the degree of seed hydration is corre-
lated with the osmotic potentia of the prim-
ing solution. Therefore, seeds incubated in
solutions with relatively high water poten-
tials have higher moisture contents and po-
tentially greater metabolic activity. Hegarty
(1977) has shown that oxygen use is highest
in seeds in solutions with the highest osmotic
potential. Sundstrom and Edwards (1989)
demonstrated high respiratory rates in the in-
itial hours of priming.

The time-course experiments show that the
duration of priming is important (Fig. 2),
which is supported by previous reports on
priming (Bodsworth and Bewley, 1981;
Heydecker et a., 1973; Khan et al., 1980/
81). Our findings suggest that delays in ger-
mination caused by the osmotic solutions (Fig.
3) must exceed the time when germination
ordinarily occurs; i.e., if radicle emergence
were to normally begin on the 5th day, the
priming treatments must inhibit germination
for alonger period to achieve the maximum

HorTScience, VoL. 26(4), ArriL 1991

effects of priming. This feature is illustrated
by the lesser effectiveness of priming in water
than for longer intervals in salt (Fig. 3).
However, priming for longer than 12 days
with salts at 300 mwm partially reversed the
beneficia effects of priming (Fig. 2), a phe-
nomenon referred to as “overpriming” (Ely
and Heydecker, 1981). Although we ob-
served asmall increasein T, (Fig. 2), there
was no observable decrease in FGP for prim-
ing with Na,SO,and K,SO,. Thus, any
problems that arise from the exposure to high
ion concentrations for extended periods are
minor consequences of salt priming in pep-

per.

Our findings demonstrate that 1) salt so-
Iutions can serve efficiently as priming agents
for pepper without reducing the FGP, 2) a
specific ion or salt was not essentia in prim-
ing pepper seeds, and 3) they support pre-
vious studies indicating that effective priming
is strongly dependent on both the osmotic
potential of the priming solution and the du-
ration of the treatment.
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