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Abstract Priming, a controlled-hydration treatment followed by redrying, improves the germination and emergence of seeds
from many species. We compared osmotic and matric priming to determine which was the most effective treatment for
improving broccoli seed germination and to gain a greater understanding of how seed vigor is enhanced by priming. Broccoli
(Brassica oleraced. var. italica) seeds were osmotically primed in polyethylene glycol (PEG 8000) at—1.1 MPa or matrically
primed in a ratio of 1.0 g seed:0.8 g synthetic calcium silicate (Micro-Cel E):1.8 ml water at —1.2 MPa. In the laboratory,
germination rates and root lengths were recorded from 5 to 42C and 10 to 35C, respectively. Broccoli seeds germinated poorly
at >35C. Root growth after germination was more sensitive to temperatures >30C and <15C than radicle emergence. Matric
and osmotic priming increased germination rate in the laboratory, greenhouse, and field. However, matric priming had a
greater effect on germination and root growth rates from 15 to 30C. Neither priming treatment affected minimum or
maximum germination or root growth temperatures. Both priming treatments decreased the mean thermal time for
germination by >35%. The greater germination performance of matrically primed seeds was most likely the result of
increased oxygen availability during priming, increased seed Ca content, or improved membrane integrity.

Uniform field establishment of broccoli seedlings concentratear.gemmiferd, cabbageRrassica oleraceéd. var.capitata), and
harvests, increases harvest efficiency, and decreases costs (HdadleeBrassica oleraced.. var.acephald (Khan et al., 1980-81;
and Sieczka, 1991). In the southeastern United States, high tean et al., 1987). Osmotic priming increases the vigBradsica
peratures during August and September decrease stands of disppt-seeds in cold, moist soils (Rao et al., 1987; Zheng et al., 1994).
seeded broccolBrassica oleraced. var.italica), increasingthe ~ Matric priming uses moistened solid carriers such as vermicu-
number of harvests and reducing fall crop yields (Elson et &ite or calcium silicate to hydrate seeds. In several vegetable
1992; Jettetal., 1995; Sterrett etal., 1990). To compensate for gpacies, matric-primed seeds germinate faster than osmotic-primed
emergence, broccoli is often direct-seeded at twice the rateseeds, although the physiological basis for this difference is poorly
quired and thinned to a final stand of 11 plantg@iDell, 1990). understood (Khan, 1992). Matric priming is also widely used as a

Broccoli seed germination decreases sharply above 30Ccemmercial seed treatment. However, the germination perfor-
improved high-temperature germination may also increase stamasce of osmotic- and matric-primed broccoli seeds has not been
of summer plantings (Elson et al., 1992). Seed priming treatmestdsmpared previously.
improve germination performance in many species (Bradford, A comparison of several matric and osmotic priming treatments
1986; Khan 1992). Priming is a controlled-hydration procegss conducted to identify the most effective treatment for improv-
followed by redrying that allows pregerminative metabolic activing broccoli seed germination in the laboratory, field, and green-
ties to proceed but prevents radicle emergence (Heydecker lamase. To determine how priming increases seed vigor, the rate of
Coolbear, 1977). When seeds are rehydrated after priming, gewrirgen uptake during priming, the mineral content, and the elec-
nation rate is increased and, in some cases, the temperature raolgée leakage from imbibed nonprimed, osmotic-, and matric-
at which germination may occur is expanded (Welbaum apdmed seeds were measured.
Bradford, 1991).

Osmotic and matric priming treatments enhance germination Materials and Methods
performance. For osmotic priming, seeds are incubated in salt
solutions such as KNQNacCl, or KPO, or high-molecular- Priming treatmentsBrigadier’ broccoli seeds (Petoseed Co.,
weight, nonpenetrating solutes like polyethylene glycol at a wagaticoy, Calif.) were osmotically primed for 7 days in polyethyl-
potential ) low enough to inhibit germination (Khan, 1992)ene glycol (Carbowax, PEG 8000; Fisher Scientific Co., Fair
Osmotic priming improves the germination performance of mahgwn, N.J.) solutions of —1.1 MPa (306 g*kgprepared accord-
Brassicaspp. seeds such as Brussels spr@rgsiica oleraced. ing to Michel (1983) and verified by osmometry (model 5500C;

Wescor, Inc., Logan, Utah). Seeds were incubated in the dark on

- two thicknesses of filter paper (Whatman no. 1) saturated with
Received for publication 12 Oct. 1995. Accepted for publication 16 Feb. 1996. REG (about 7 ml-gseed) in 8.5-cApetri dishes sealed with wax
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Table 1. Micro- and macronutrient contents of priming materials and broccoli seeds after priming.

Macronutrients Micronutrients (ppm)
Treatment P K Ca Mg zn Mn Cu Fe
Priming agent (ppm)
Micro-Cel E 15.5 33.0 1200.0 31.0 0.3 1.4 0.1 0.7
PEG 31.0 15 12.0 1.0 0.2 0.5 0.1 0.9
*% *k%k *k% *k%k NS * NS NS
Seeds (%)
Matric-primed 0.95a 0.72a 0.67 a 0.30 58 30 9 138 a
Osmotic-primed 0.85b 0.71a 0.48b 0.27 51 30 6 102 b
Nonprimed 0.94a 0.88b 0.52b 0.29 52 32 7 160 a
* * * NS NS NS NS *

“Means are for two samples or two replications of 25 seeds each for priming agents and seeds, respectively, and are significantlysdifferent by
when separated by different letters within columns.

Ns%™ Nonsignificant or significant & = 0.05, 0.01, and 0.001, respectively. Percentage data were arcsin-transformed before statistical analysis
and nontransformed values are shown.

at 37C for 20 min. Seeds were final-dried over silica gel inHorticultural Inc., Ont., Canada) in a randomized complete-block
desiccator at 45% relative humidity (RH) to a final moisturgesign in a greenhouse. Mean day/night temperatures were 25/
content of 5% to 6% (dry weight basis) determined by oven dryi2@C, pots were hand-watered daily, and supplemental lighting
at103Cfor17 h (ISTA, 1985). Seeds were recoated with 1 g thirélld00 W, 60 Hz, Sylvania Corp., Fall River, Mass.) provided a 14-
(tetramethylthiuram disulfide)/2500 g seed, sealed in plastic bottleghotoperiod. Emergence was recorded when cotyledons were
and stored at 4C. The equilibridthof seeds primed in Micro-Cel oriented horizontally above the soil. Plants were harvested 16, 30,
E was measured using a thermocouple psychrometer (model 8&nd.44 days after seeding (DAS). Roots and shoots were separated
R.D. Merrill, Logan, Utah) calibrated using NaCl solutions aind weighed fresh and after drying at 70C for 24 h.
knownW verified by osmometry. Three replications of 100 primed and 100 nonprimed ‘Briga-
The plant-available, mineral nutrients in Micro-Cel E and PEgier’ seeds were hand-seeded 15 mm deep in twin rows 15 m long
were determined by the double-acid extraction method using 4 emd 30 cm apart on 9 Sept. 1992 and 17 Aug. 1993 in a Hayter loam
of carrier in 20 ml of 0.0& HCI in 0.025~ H,SO, (Donohue and (fine-loamy, mixed mesic, Utic Hapludalf), pH of 6.2, near Blacks-
Heckendorn, 1994). Seeds selected for mineral analysis wawey, Va. After sowing, 1.7 cm of water was applied using
soaked in distilled water for 2 h, rinsed in a stream of doubbgrinkler irrigation to induce soil crusting. Emergence was re-
distilled water, and dried in a desiccator at 45% RH. The minecalded three times daily, when cotyledons were horizontal to the
content of primed and nonprimed seeds was measured by A &dlil surface, until no further emergence was observed for 48 h. Soil
Eastern Agricultural Labs, Inc., Richmond, Va., using a wet-asimperatures were recorded at seeding depth using copper—con-
extraction of 0.2 g of seed in 6 ml of 2:1 70% nitric—60% perchlostantan thermocouples connected to a data logger.
acid. Tissue and carrier samples were filtered, diluted, and anaGermination data analysiSeed germination responses over
lyzed using an inductively coupled plasma spectrometer (Donoltinge were linearized by transforming cumulative percent germina-
and Heckendorn, 1994). tion to probits and plotting the values on a logarithmic time scale
Germination and root growthGermination temperatures of 5(Scott and Jones, 1985). Mean time to germination (MTG) and
10, 15, 20, 25, 30, 35, 36, 38, 40, and 42C were maintained anean time to emergence (MTE) were determined graphically from
one-dimensional, linear, thermo-gradient table. Three replicaties probit value of 0% or 50% germination or emergence for each
of 20 seeds each of primed and nonprimed treatments were plaeptication in treatments with at least 30% germination. The mean
on two thicknesses of germination blotter paper (Anchor Papginimum or base temperature &nd the mean maximum tem-
Co., St. Paul, Minn.) inside 5.0-cm-diameter petri dishes (Searature (T) for root growth were determined by extrapolating
Tight; Falcon, Lincoln Park, N.J.) moistened with 4 ml of distilledlots of mean germination rate (GR =Y=tinverse MTG) or root
water, randomized within each temperature, and incubated ingh@wth rate versus temperature (T) to the intercept on the abscissa
dark. Adatalogger (Polycorder; Omnidata Intl. Inc., Logan, Utalilzummerson, 1986). Since the plot of GR versus T, was not linear
connected to fine-wire copper—constantan thermocouples insati&igh temperature, the maximum T allowing 50% germination
representative dishes, measured and recorded temperatures, whistused to estimatg TMean thermal time to germinatiddy(°h)
varied by <1.0C. Germination was scored as radicle emergenceas determined by the following equation:
at least 1 mm at 2-h intervals for the first 3 days and 6 h thereafter
until no further germination had occurred for 24 h. 8,=(T-THt [1]
When radical protrusion reached at least 1 mm, two replications
of 10 seeds each were placed between two thicknesses @612 where T is the germination temperaturgisthe minimum mean
cm germination blotter paper in arow 4 cm from the edge. Blottéesperature for germination, and t is the MTG. Rearranging in
were placed on 45slant boards in a dark incubator and coveredrms of GR, yields the following:
with plastic bags to prevent evaporation (McCormac and Keefe,
1990). Root lengths were periodically measured with calipg® = 1-t'= (T -T) 6, [2]
(Digimatic, Mitutoyo Corp., Tokyo) at 10, 15, 20, 25, 30, and 35C.
Emergence experimenfBhree replications of 10 primed andndicating that the mean thermal time is the inverse slope of the plot
nonprimed seeds each were randomly sown 15 mmdeepin 11-@hGR versus T. Thu$, is a rate constant that relates GR to the
diameter plastic pots filled with potting soil (Pro-mix BX; Fisonextent that T exceeds, TGermination percentages, rates, MTG,
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MTE, and base temperatures were compared by analysis of vagications of 100 seeds each of ‘Pinnacle’ (Sakata Seeds America,
ance (ANOVA) (CoStat; CoHort Software, Minneapolis, Minn/Morgan Hill, Calif.) at 25C during days 1 and 7 of matric and
on arcsin-transformed percentage data and log-transformed tosmotic priming. To inhibit microbial activity, a 0.01% (w/v)
values. Untransformed values are shown in tables and figurestreptomycin sulfate solution was used for matric and osmotic

Oxygen uptake measuremehClark-type, Qelectrode (model priming. The rate of Qdepletion from the gas phase of the sample
LD2; Hansatech Ltd. Norfolk, U.K.) measureduptake of three chamber was determined when a constardepletion rate was
recorded on a strip chart recorder for at least 15 min.

Electrolyte leakageElectrical conductivity of seed leachate
was measured 2.7, 5.3, 8.7, 11, 19, 26.5, 46, 52.5, or 73 h after the
start of imbibition using a conductivity meter (model CDM 83;
Radiometer, Copenhagen, Denmark) calibrated with 0.05% NacCl
at 28C. Before testing, seeds were rinsed in distilled—deionized
water for 2.5 min and blotted dry. Four replications of 5 seeds each
were placed on 1-cm wedges of filter paper (Whatman no. 1) inside
5.0-cm-diameter petri dishes containing 2 ml of distilled—deion-
ized water. Dishes were tilted &tifiside self-sealing plastic bags
and incubated in the dark at 20, 35, and 40C. A few minutes before
each measurement, dishes were equilibrated at 28C and gently

M Nonprimed L) swirled by hand several times to ensure uniform mixing of the
20 &  Osmotic primed solution. To estimate the maximum leakage, seeds were boiled in
0O Mutric primed five times their volume of distilled—deionized water for 5 min.
Boiled seeds were rinsed in distilled—deionized water for 2.5 min,
surface dried, and imbibed as described above before testing.

100
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60|

40+

Germination (%)

Results

Priming. Several ratios of seed, carrier, and water were tested,
and the ratio of 1.0 g seed:0.8 g Micro-Cel E:1.8 ml water produced
the highest rate of germination at most temperatures (data not
shown). At this ratio, the moisture content of the Micro-Cel E was
62% (dry weight basis), the seed moisture content was#1%
1.5%, and the equilibriut¥ for the seed and Micro-Cel E was
—1.2+ 0.2 MPa. Asolution of 31 g PEG/100 ml water produced
the highest GR of any osmatic priming treatment tested (data not
shown). ThéV of the PEG solution was initially —1.1 MPa but fell
rapidly to an equilibrium¥ of —1.3+ 0.2 MPa due to the concen-
trating effects of imbibition. The equilibrium moisture content of

Mean germination rate (h"'x 10)

R seeds primed in PEG was 39.0#61.5%. Matric or osmotic
= priming at highek resulted in germination during priming, so the
E optimum enhancement occurred just below théhreshold for
= germination.
w
; Table 2. Maximum () and minimum (T) temperatures for germination
E and root growth and thermal time const#h) {alues for germination
) at <30C for matric-primed, osmotic-primed, and nonprimed broccoli
5 seeds.
-
S Treatment T(°C) T (°C) 8, h)
o Germination
Matric-primed 6.1 37.6 204 a
. Osmotic-primed 5.9 37.5 270 a
Temperature (C) Nonprimed 7.8 36.1 417b
NS NS **
Fig. 1. Germination percen, germination rateg), and root length) of matric- Root growth
e vertioal bars m reprsent the standard eror of the mean of o6 1eplCatopge i e oy o0 e
The vertical ; ;
In B t‘he regression eguations arey = —0.30_0 + (_).049;(((.77, matric-pri?ned, C’;I%O?ortilr;_ep(;lmed j'ozg ;g: 222557
solid line); y =—0.204 + 0.037r€E 0.78, osmotic-primed, dotted line); y =—0.181 p : : :
+0.024x (2= 0.94, nonprimed, dashed line)dnthe regression equations for 10 NS NS NS

to 25C are y = —0.426 + 0.047%% € 0.98, matric-primed, solid line; y=-0.414 +3 - —
0.039x (2 = 0.99, osmotic-primed, dotted line); y = —0.477 + 0.044x 0.95, Means were calculated graphically from data in Fig. 1 B and C from three

nonprimed, dashed line), and from 25 to 35C; y = 2.576 — 0.6688.87, matric- replications of 20 seeds each for seed germination and two replications of
primed, solid line); y = 2.027 — 0.055% & 0.88, osmotic-primed, dotted line); y 10 seeds each for root growth. Means are significantly differassthy.

= 1.876 — 0.051xr¢ = 0.98, nonprimed, dashed lingkermination at 42C was th*en separated by different letters within columns.

tested in a separate experiment. Ns™ Nonsignificant or significant & = 0.01.
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Table 3. Oxygen uptake during priming, germination rate, and final germination percentage of matric- and osmotic-primed

broccoli seeds.

Priming Germination
Treatment Duration (days) SQiptake imol O/h per 100 seeds) Rateth Percentage
Matric-primed 1 2.29% 0.05a 89 a
Osmotic-primed 1.96 b 0.04 a 89a
Matric-primed 7 1.92b 0.11b 97 b
Osmotic-primed 1.65c¢ 0.06 a 84 a
Treatment * o o
Duration ** ** NS
Treatmeni duration NS NS *

ZMeans for oxygen uptake and germination represent three replications of 100 and 20 seeds each, respectively, and are
significantly different by.sp, ,. when numbers in columns are separated by different letters.
ns% ™ Nonsignificant or significant & = 0.05 and 0.01, respectively. Percentage data were arcsin-transformed before statistical

analysis, and nontransformed values are shown.

Micro-Cel E contained more Ca, K, Mg, and Mn than PE@ptake rate (Table 3). Seeds matrically primed for 7 days also
although PEG was higher in P (Table 1). Primed seeds contaigedninated at a greater rate than osmotically primed seeds (Table 3).
less K than nonprimed seeds (Table 1). Matric-primed seed<lectrolyte leakageAt 20C, the conductivity of leachate from
contained a higher percentage of Ca than either osmotic-primebdailed seeds increased rapidly during the first 10 h of imbibition

nonprimed seeds, while matric-primed and nonprimed seeds con-
tained more P and Fe than osmotic-primed seeds (Table 1). The
percentages of other elements did not differ among treatments.

Laboratory germinationFinal germination percentages were
similar for all treatments from 20 to 35C (Fig. 1A). Matric-primed
seeds germinated at higher percentages than other treatments at
10C, but at 5C there were no differences among treatments (Fig.
1A). At temperatures >35C, the germination percentages for
primed and nonprimed seeds declined sharply. Germination of
nonprimed seeds did not occur at >36C, while a small percentage
of matric- and osmotic-primed seeds germinated at 40C (Fig. 1A).

The GR of nonprimed seeds increased linearly from 10 to a
maximum at 30C and then declined sharply at higher temperatures
(Fig. 1B). Priming increased GRs more near the optimum tempera-
ture for germination than at the extremes, so no changenas’
detected due to priming (Fig. 1B, Table 2). At most temperatures,
the GR of matric-primed seeds was greater than that of osmotic-
primed seeds (Fig. 1B).

The thermal time model in Eq. [2] was not accurate above 30C,
as higher temperatures decreased germination rates resulting in
negative estimates 6f for all treatments. Therefor, was only
determined over the temperature range from 10 to 30C. Priming
loweredd, by about 44% compared to nonprimed seeds, but there
was no difference in thig; values of matric- and osmotic- primed
seeds (Table 2).

An accurate graphic determination of Was not possible
because of the abrupt decline in germination percentages >30C
(Fig. 1B). When T was estimated using the temperature that
reduced the germination percentage to 50%, no differences were
detected among treatments (Table 2).

Root growth Root growth rates increased linearly from 10 to
25C (Fig. 1C). At temperatures >25C, root growth rates declined
rapidly, and at 35C growth was almost totally inhibited (Fig. 1C).
The root growth rates of matric-primed seeds were significantly
higher than either osmotic- or nonprimed seedlings at most tem-
peratures (Fig. 1C). The, Tand T for root growth were not
changed by priming (Fig. 1C, Table 2).

Oxygenuptake during primingAfter 1 day, PEG-primed seeds
had a lower Quptake rate compared to matric-primed seeq_sl,
although the germination percentage and rate did not differ (Tab
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2. Electrical conductivity of leachate from four replications of five boiled,
tric-primed, osmotic-primed, and nonprimed broccoli seeds each measured

3). After 7 dayS,_QUptake rate was |(_)W€r TOI’ both treatmentSaster imbibition at 20C4), 35C @), or 40C C). Error bars represemte when
compared to the first day, and seeds primed in PEG had a Igwer i@ger than the symbols.
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and then plateaued at 158-cnm®(Fig. 2A). Electrolyte leakage germination. Priming also lowerd] and had no effect on, Df
from nonprimed seeds increased sharply during the first 10 h &mmato Lycopersicon esculentulill.) and onion @llium cepa
then slowly to a maximum of 905-cm?® (Fig. 2A). The conduc- L.) seeds (Dahal and Bradford, 1990; Ellis and Butcher, 1988). In
tivity of seeds primed in PEG increased more slowly than nonprintkd absence of dormancy,i3 genotypically controlled and shows
seeds and peaked at [#S-cm? (Fig. 2A). Matric-primed seeds little variation within a species (Dahal and Bradford, 1990; Ellis
showed the lowest conductivity during imbibition, with maximurand Butcher, 1988). Thus, priming lowergifi seeds, such as
values of 6QuS-cm?® (Fig. 2A). muskmelonCucumis melt.), by substituting for the afterripening
At 35C, the conductivity of boiled seeds was similar to 20@&quirement needed to overcome dormancy and increase the
increasing rapidly during the first 10 h and then at a slower rategmperature range for germination (Welbaum and Bradford, 1991).
a maximum of 24@S-cm?®at 73 h (Fig. 2B). The conductivity of Since broccoli seeds display little primary dormangywas not
nonprimed seeds was lower than boiled seeds during the first 4ltéred by priming and should not vary significantly among culti-
of imbibition and then increased sharply, exceeding the valuesvars (Jett and Welbaum, 1995).
boiled seeds between 40 and 72 h (Fig. 2B). The conductivity ofAt temperatures >30C, the thermal time model failed because
PEG-primed seeds was lower than nonprimed seeds and incre@desldeclined, resulting in negat@gestimates (Fig. 1B). The T
linearly to a maximum of 27QS-cm® at 72 h (Fig. 2B). The could not be accurately estimated graphically due to the disconti-
conductivity of PEG- and matric-primed seeds was similar duringity in germination at high temperature (Fig. 1B). Whemwas
the first 55 h of imbibition. Longer imbibition times steadilyestimated by comparing the temperatures that inhibited the germi-
increased the conductivity of PEG-primed seeds, while matnigtion percentage by 50%, there was no difference among seed
primed seeds plateaued at 2889 cm?® (Fig. 2B). treatments (Table 2). However, the maximum germination tem-
At 40C, the electrolyte leakage from all treatments was gregterature for some seeds in the population was higher for primed
than at 35C. The conductivity of boiled seeds at 40C increasethizn nonprimed seeds (Fig. 1A). Therefore, priming increased the
apattern similar to 20 and 35C, but maximum values were less thiarfor some seeds in the population, although mean maximum
for primed or nonprimed seeds (Fig. 2C). Electrolyte leakage froemperatures were similar among treatments (Bradford, 1990).
primed and nonprimed seeds increased linearly from the starEtson et al. (1992) reported that exposing broccoli seeds to
imbibition to 46 h (Fig. 2C). The conductivity of nonprimed seedsmperatures >35C for as little as 12 h reduced germination
exceeded PEG-primed seeds during the first 10 h of imbibitigercentages even when alternated with lower temperatures. The
while PEG-primed seeds had the higher values during the finab2@ount of electrolyte leakage increased with increasing tempera-
h (Fig. 2C). After the first 5 h of imbibition, the conductivity oture, demonstrating that a loss of semipermeability in the plasma
matric-primed seeds was lower than either nonprimed or PE@mbrane may have reduced germination at high temperature
primed seeds (Fig. 2C). (Fig. 2). Electrolyte leakage and germination percentage were
EmergenceThe MTE for all primed seeds was lower than thaiegatively correlated iBrassicaspp. seeds (Thornton et al.,
of nonprimed seeds in a greenhouse (Table 4). Matric-prinE2D0). The plasma membrane plays an important role in the
seeds emerged earlier and had a greater final emergence penesgense of cells to temperature, and changes in fluidity and
age than nonprimed or osmotic-primed seeds, (Table 4). Sixtpermeability occur at extreme temperatures (Raison, 1986).
DAS, matric-primed seedlings had greater shoot fresh and dryThe fastest root growth rates were obtained at 25C, 5C lower
weights compared to osmotic-primed or nonprimed seeds dughn the fastest GRs, indicating that root growth was favored by
the earlier emergence of matric-primed seeds (data not showower temperatures than germination (Fig. 1 B and C). Ther T
There were no differences in root and shoot dry and fresh weiglbist growth was higher than for germination, and root growth rates
at 30 and 40 DAS (data not presented). in general were very slow at <15C and >30C. Matric priming
In 1992 and 1993, the mean daily field soil temperature durimgreased root growth rates at optimum temperatures but had little
emergence was 24#41.6C and 27.& 1.3C, respectively. There effect near Jand T in a pattern similar to that described for GRs
was no difference in the percent emergence among treatmenggig. 1C). Unlike germinatior§, for root growth was not changed
1992 (Table 5). In 1993, the percentage emergence of matbigmatric priming (Table 2). Elson et al. (1992) also showed that
primed seeds was superior to osmotic and nonprimed seeds (Tiauegrowth was more sensitive to high and low temperatures than
5). Both priming treatments reduced the MTE compared radicle emergence. Therefore, poor broccoli field emergence at
nonprimed seeds. In both years, matric-primed seeds had a Idvigin and low temperature may not be due to poor germination (i.e.,

MTE than osmotic-primed seeds (Table 5). radicle emergence) but rather an inhibition of root growth follow-
ing radicle emergence (Fig. 1 B and C). Examination of broccoli
Discussion seed beds that produced poor stands under hot conditions revealed

_ Effects of temperature on broccoli seed germination Wefgye 4. seedling emergence of primed and nonprimed seeds in a
similar to those in an earlier study, except that nonprimed seedgreenhouse.

germinated to a higher percentage at 10C and were slightly n

sensitive to high temperature (Elson et al., 1992). Seed germina- MTE Emergence
tion at low temperature can be predicted using a thermal tifigatment (h) (%)
model (Bradford, 1990; Garcia-Huidobro et al., 1982). Broccdlatric-primed 61.6% 98 a
seed germination fits the thermal time model in Eg. [2] well for ti&motic-primed 75.3Db 92b
temperature range of 5 to 30C. The thermal time model shovisuhprimed 97.9¢c 86 ¢
that priming lowered, but had little effect on ,J so primed Significance * *

broccoli seeds germinated faster because of their lower therfgdans represent three replications of 10 seeds each and are significantly
time requirement (Fig. 1, Table 2). In other words, primingferent byso, . when separated by different letters.

advanced germination more rapidly per unit thermal time th&agignificant aP = 0.01. Percentage data were arcsin-transformed before
nonprimed seeds but did not reduce the minimum temperaturestatistical analysis, and nontransformed values are shown.
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Table 5. Field emergence of primed and nonprimed broccoli seedlings in crusted soils.

MTE Emergence
Year Treatment (h) (%)
1992 Matric-primed 95.0%a 74.3
Osmotic-primed 117.8b 66.3
Nonprimed 136.0c 64.3
*k%k NS
1993 Matric-primed 85.3a 75.6 a
Osmotic-primed 126.0 b 61.3b
Nonprimed 159.7 ¢ 54.4 b
*k% *
Year * *
Yearx treatment NS NS

“Means represent three replications of 100 seeds each and are significantly diffesg)yiovhen separated by different letters.
st Nonsignificant or significant &= 0.05 and 0.001, respectively. Percentage data were arcsin-transformed before statistical
analysis, and nontransformed values are shown.

a high percentage of seeds that had germinated but failed to emiedjeates that intracellular Ca increased during priming because, if
because of slow root growth (data not shown). Micro-Cel E was contaminating the seed surface during tissue

The consistently higher root growth rates of matrically primeghalysis, then other nutrients present in the carrier would have
seeds was not anticipated, since previous studies have showimereased as well. High Ca content is important for quality cucum-
persistent effect of priming on root growth rates in other speckE seeds (Frost and Kretchman, 1989). Calcium is essential for
(Argerich and Bradford 1989; Green, 1980; Odell and Cantliffegll division, membrane function, the activation of protein kinases,
1986). Haigh (1988) reported that primed tomato seedling roatsl calmodulin-mediated processes (Roberts and Harmon, 1992).
had higher relative growth rates during the 12 h after radi¢teaddition to the increased,@vailability during priming and
emergence, but no differences were detected 48 h after germilegreased electrolyte leakage during imbibition, increased seed Ca
tion. However, only osmotic priming treatments were evaluateddontent is a third factor identified in this study that may explain
previous studies, suggesting that matric priming may have why broccoli seeds matrically primed in Micro-Cel E outperform
creased root growth rates in this study. seeds osmotically primed in PEG.

Matric-primed seeds germinated faster than osmotic-primed
seeds at most temperatures in the laboratory, greenhouse, and
field. Since the equilibrium seed moisture content @halere Argerich, C.A. and K.J. Bradford. 1989. The effects of priming and ageing
similar for matric and osmotic priming treatments, the differentiabn seed vigour in tomato. J. Expt. Bot. 40:599-607.
germination performance was not due to differences in hydratfdford, K.J. 1986. Manipulation of seed water relations via osmotic
level during priming. In a previous study, there was no differencBliming to improve germination under stress conditions. HortScience
in the mean time and percent field emergence of broccoli se a§:f1105‘1112' lat vsis of o
primed matrically in vermiculite or osmotically in PEG, sugges -g‘lgnc;rgh};‘s?(‘)ﬁ%a(?éﬁo"gg relations analysis of seed germination rates.
ing that the superior performance Of. matric-primed seeds in al, P. and K.J. Bradford. 1990. Effects of priming and endosperm
current study was due to effects of Micro-Cel E (Jett et al., 1995heity on seed germination rates of tomato genotypes. Il. Germination
Matric priming with Micro-Cel E enhances germination in somegt reduced water potential. J. Expt. Bot. 41:1431-1439.
seeds to a greater degree than with other matric priming mateii&lsohue, S.J. and S.E. Heckendorn. 1994. Laboratory procedures. Va.
or osmotic priming treatments (Khan et al., 1992). Since seed®ch. Soil Testing and Plant Anal. Lab., Publ. 452-881, Va. Coop. Ext.
from both priming treatments were dried under the same condserv., Blacksburg.
tions, differences were not caused by sensitivity to rapid dryirfglis, R.H. and P.D. Butcher. 1988. The effects of priming and ‘natural
The superiority of Micro-Cel E as a priming agent may be due tg;fferenpest_ln q;Ja:'ty amor;gstomgrtmhser_add Iott_‘?ont_the refstrp])onshe Of”t‘e rate
H H _ H H H i H germination to temperature an e |aentirication o € characteris-
g\slgillggi\llvit?,te(kngflg? c;?palc&;gfza;nolTugth?urgﬁiltt;/ t(f)lfa grjm;esges (gcs under genotypic control. J. Expt. Bot. 39:935-950. _

. . " ) ) T2 - Elson, M.K., R.D. Morse, D.D. Wolf, and D.H. Vaughn. 1992. High
solutions is lower than water, and, @ay be limiting during

. o temperature inhibition of seed germination and seedling emergence of
osmotic priming treatments (Mexal et al., 1975). Thauflake proccoli. HortTechnology 2:417—-419.

rate was greater during matric priming than when seeds Wefgst, D.J. and D.W. Kretchman. 1989. Calcium deficiency reduces
primed in PEG (Table 3). cucumber fruit and seed quality. J. Amer. Soc. Hort. Sci. 114:552-556.

Electrolyte leakage from primed seeds, and particularly matrigarcia-Huidobro, J., J.L. Monteith, and G.R. Squire. 1982. Time, tem-
primed seeds, was consistently less than nonprimed seeds atpaliature, and germination of pearl milleefinisetum typhoid&&H.).
temperatures (Fig. 2). Nonprimed seeds were washed brieflyConstant temperature. J. Expt. Bot. 33:288-296. . .
before conductivity testing to compensate for the leaching @feen. J.C.S. 1980. Plant density and crop establishment studies with
solutes that occurred during priming and postpriming washir‘%omato' Acta Hort. 100:129-135.
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